r^ 


/-/- 


t4^ 


fa-^k 


ki  if/l^ 


;  ,^^-. 


RADIOGEAPHY 


WORKS   BY   S.  H.  BOTTONE 

A    Cuido    to    Sleotrio    Lighting.     For  lloubohuldcrs 
ikiil    \tiiiiti<uri*.    Wltli  uiiuiy    IltuMtmtiou".     I'lctorlnl  cover.     I6tli 

TIlOllHiltul.       It. 

'  Aooumte,  luoid,  mid  suiublo  for  tiic  purpose.'— Electiucun. 
How  to  Manage  a  Dynamo.     A  Practical  Handbook 

lill       \S<MNllll    II     Itml     lltiKln.        Si'CnII'l       l-.'lltioll,     UcVinCll     Itltli      iilllikD^fll. 

lUustraU'tl.     Tost  Hvo.  fur  tlic  porkct,  clotli,  1<. 
•Tills  Uttli'  iKKik  will  Ik-  very  U!<ef»l.'--KKK<ruiCAl.  Knoinekh. 

Electro-Motors.      Third    Edition,    Revised.      With    70 

lUuiitnitiuu!^.     lis. 
'  Mr.   Bt»ttonc  hn»  the  facnlty  of  writiiifr  m»  uh  to  l>c  tiiirlen>tood  by 
amateurs."— iNDi'STu  I  ^>•. 

Bleotrioal     Instrument     Making.       Sixth    Edition, 

licviM<l  and  Kiilargi'd.     With  7(i  UhiHtrntions.     3s. 
•To  tl»o>t' alx)ut  to  stiuiy  elcftricify  uiul  its  a|iplicatioii  this  book  will 
form  a  very  useful  companion.'— Me<'iianic'al  Woni.i). 

Electric  Bells.    Fifth  Edition.    With  111)  Illustrations.    3s. 

•  N.i  lu  11  litti  1   -liaulil  ho  witlmut  It.'— iiuii.uiNt;  Nkws. 

Radiography  :  its  Theory,  Practice,  and  AppHcaiions.    8s. 


WORKS    BY    G.  E.  BONNEY 
The  Electro-plater's  Handbook:  a  Practical  Manual 

lor  Aiuatc'ur.-  iiinl   Youiik  ^Students  in  EluoUo-Metullurgy.     Second 
Edition.     With  full  Index  and  61  Illustrations.     Zs. 
'An  amateur  could  not  wish  for  a  bettor  exposition  of  the  elements  of 
the  wibject.*— EiiEcmiCAL  Rkvikw. 

Induction  Coils :  a  Practical  Manual  for  Amateur  Coil- 

iiiakur-.     With  ;i  New  Chapter  on  Kudioi-'raphy  fur  those  wishing  to 
Experiment  with  Hijntgen  'X'  Rays.     With  lUl  lllustratioDS.    Zt. 

Electrical     Experiments.       W^ith    144    Illustrations. 

-^oond  E-lition.     2s.  6'L 
'All  excellent  book  for  boys." — Electrh  al  Uevikw. 


London  :  WHITTAKER  &  CO.,  Paternoster  Square,  E.G. 


RADIOGRAPHY 


AND     THE     'X'     EAY8 


IN     PRACTICE     AND     THEORY 


WITH   CONSTRUCTIONAL   AND   MANIPULATORY   DETAILS 


BY 

S.  E.  BOTTONE 

author  of  *  the  dynamo  '  '  electric  bells  '  '  electro-motors  * 
'electrical  instruments'  etc. 


WITH    J^7    ILLUSTRATIONS 


WHITTAKER    c^^    CO. 

2   WHITE   HART  STREET,   PATERNOSTER   SQUARE.   LONDON 
AND   (56    FIFTH   AVENUE,  NEW   YORK 

1898 


riiiNTKD  nv 

SIOTI  ISWouDK     WIi    CO.,    NEW  SIKKKI'    SC^UAllE 


PEEFACE 

Jn  the  following  pages,  an  attempt  has  been  made  to 
give  a  clear  and  trustworthy  account  of  the  steps  tliat 
have  led  up  to  the  discovery  and  application  of  those 
electric  waves  that  are  now  known  as  '  X  '  rays. 
Every  care  has  been  taken  to  treat  the  subject  with 
lucidity  and  accuracy,  and  to  this  end  nearly  every 
one  of  the  statements  made  has  been  verified  by 
personal  experiment.  Where  this  has  been  im- 
possible of  execution,  the  source  of  the  statement,  or 
the  name  of  the  experimenter,  has  been  given.  Con- 
siderable prominence  has  been  given  to  constructional 
details  and  measurements,  with  the  view  of  facilitat- 
ing the  student  in  making  the  apparatus  necessary. 
No  sensational  matter,  or  far-fetched  applications  of 
radiography,  insufficiently  confirmed,  have  been  ad- 
mitted into  this  work ;  but  full  and  at  the  same  time 
clear  explanations  have  been  given,  which,  it  is  hoped, 
will  render  the  subject  easy  of  comprehension. 

S.   BOTTONE. 

Watjjxgton  :  January  1898. 
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CHAPTER   I 

ON    THE    ACTION    OF   LIGHT    ETC.    ON    CERTAIN 
SALTS    OF    SILVER 

§  1.  Certain  salts  of  silver,'  notably  the  bromide, 
iodide,  chloride,  and  fluoride,  are  sensitive  to  the  action 
of  light. "^  In  other  words,  the  molecular  constitution 
of  these  compounds  is  so  far  altered  by  the  efl'ect  of 
light  acting  upon  them,  that  either  directly  (by.  the  sole 
influence  of  light)  or  indirectly  (by  the  continuating 
action  of  a  *  developer '  or  '  reducing  agent ')  the  silver 
salt  finally  splits  up  into  its  two  components — viz., 
metallic  silver  on  the  one  hand,  and  bromine,  iodine, 
chlorine,  or  fluorine  on  the  other.  This  property  con- 
stitutes the  basis  of  ordinary  photography. 

'  And  many  other  bodies,  as.  for  example,  chromic  salts,  ferric  salts, 
vegetable  colouring  matters,  many  of  the  aniline  colouring  derivatives,  &c. 

-  Strictly  speaking,  it  is  only  the  more  highly  refrangible  rays  of 
light,  such  as  the  blue,  the  violet,  and  the  ultra-violet,  that  have  any 
marked  effect  on  the  majority  of  these  so-called  '  sensitive  silver  salts.' 
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§  2.  This  power  of  dcconipoHinj^  or  starting  the 
decomposition  of  tlii'se  salts  of  silver  is  by  no  means 
limited  to  the  agency  which  we  call  light.  It  is  shared, 
in  greater  or  lesser  degree,  by  hmt,  clvctricity  (and  its 
correlative,  ni(t<ifi<'tism),  by  mrrfidtnedl  prrsmirr,  or  fi'ic- 
tion. 

§  :i.  In  order  that  the  student  may  be  able  to  verify 
experimentally  the  above  statements,  a  few  sinii)le 
directions  are  given  l)y  means  of  which  ho  can  produce 
images  in  these  varied  manners.  In  1880  Captain 
Abney  i)ublished  in  the  '  Philosophical  Transjictions  ' 
an  account  the  method  of  preparing  an  emulsion  of 
silver  bromide  in  collodion.  This  emulsion  is  sufficiently 
sensitive  to  heat  to  give  distinct  images  of  any  devices 
or  perforations  cut  out  in  a  sheet  of  cardboard,  placed 
over  a  plate  coated  with  the  emulsion,  when  a  blackened 
kettle  containing  boiling  water  is  held  at  a  little  dis- 
tance from  the  perforated  cardboard  screen.  To  the 
end  that  no  possibility  should  arise  of  the  result  being 
due  either  to  mechanical  disturbance  by  the  pressure 
of  the  cardboard,  or  to  any  chemical  action  of  any 
substance  contained  therein,  the  screen  should  not  be 
in  actual  contact  with  the  sensitive  plate,  but  should 
be  separated  from  it  by  a  distance  of  about  ^  in.  In 
like  manner  the  kettle  should  be  raised  at  least  ^  in. 
from  the  surface  of  the  cardboard  screen.  It  is  needless 
to  remark  that  this  experiment  should  be  performed 
in  the  photographer's  *  dark  room,'  to  prevent  light 
affecting  the  plate. 

The    preparation    of    the    special    emulsion    which 


is  sensitive  to  the  heat  rays  is  thus  given  l)y  Captain 
Abney. 

*  A  normal  collodion  is  first  made  according  to  the 
formula  below : — 

Pyroxyline  (any  ordinary  kind)       .  .     16  gr. 

Ether  (-725) 4  oz. 

Alcohol  (-820) 2oz. 

This  is  mixed  some  days  before  it  is  required  for  use, 
and  any  undissolved  particles  are  allowed  to  settle,  and 
the  top  portion  is  decanted  off.  Three  hundred  and 
twenty  grains  of  pure  zinc  bromide  are  dissolved  in 
^  oz.  to  1  oz.  of  alcohol  ('820),  together  with  1  drachm 
of  nitric  acid.  This  is  added  to  3  oz.  of  the  above 
normal  collodion,  which  is  subsequently  filtered.  Five 
hundred  grains  of  silver  nitrate  are  next  dissolved 
in  the  smallest  quantity  of  hot  distilled  water,  and 
1  oz.  of  boiling  alcohol  '820  added.  This  solution  is 
gradually  poured  into  the  bromized  collodion,  stirring 
briskly  while  the  addition  is  being  made.  Silver 
bromide  is  now  partially  suspended  in  a  fine  state  of 
division  in  the  collodion,  and  if  a  drop  of  the  fluid  be 
examined  by  transmitted  light  it  will  be  found  to  be  of 
an  orange  colour. 

*  Besides  the  suspended  silver  bromide,  the  collodion 
contains  zinc  nitrate,  a  little  silver  nitrate,  and  nitric 
acid,  and  these  have  to  be  eliminated.  The  collodion 
emulsion  is  turned  out  into  a  glass  flask,  and  the 
solvents  carefully  distilled  over  with  the  aid  of  a  water- 
bath,  stopping  the  operation  when  the  whole  solids 
deposit  at  the  bottom  of  the  flask.     Any  liquid  remain- 
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infj  is  carefully  drained  off,  and  the  flask  lillcd  with  dis- 
tilled water.  After  remaining;  a  quarter  of  an  hour  the 
contents  of  the  flask  are  poured  into  a  well-washed  linen 
hap;,  and  the  solids  squeezed  as  dry  as  possible.  The  bag 
with  the  solids  is  ap^ain  immersed  in  water,  ail  lumps 
being  crushed  previously,  and  after  half  an  hour  the 
squeezing  is  repeated.  This  operation  is  continued  till 
the  wash  water  contains  no  trace  of  acid  when  tested 
by  litmus  paper.  The  squeezed  solids  are  then  immersed 
in  alcohol  '820  for  half  an  hour  to  eliminate  almost 
every  trace  of  water,  when,  after  wringing  out  as  much  of 
the  alcohol  as  possible,  the  contents  of  the  bag  are  trans- 
ferred to  a  bottle,  and  2  oz.  of  ether  (-720)  and  2  oz.  of 
alcohol  (-805)  are  added.  This  dissolves  the  pyroxyline, 
and  leaves  an  emulsion  of  silver  bromide,  which  when 
viewed  in  a  film  is  essentially  green-blue  by  transmitted 
light. 

*  All  these  operations  must  be  conducted  in  a  very 
weak  red  light — such  a  light,  for  instance,  as  is  thrown 
by  a  candle  shaded  by  ruby  glass,  at  a  distance  of  twenty 
feet.  If  a  green  light  of  the  refrangibility  of  about 
halfw^ay  between  E  and  D  could  be  obtained  it  would 
be  better  than  the  faint  red  light  transmitted  by  ruby 
glass,  since  the  bromide  is  less  sensitive  to  it  than  to 
the  latter.  The  light  coming  through  green  glass  after 
being  filtered  through  stained  red  glass  is  almost  the 
best  light  to  use.  It  is  most  important  that  the  final 
washing  should  be  conducted  almost  in  darkness.  It  is 
also  essential  to  eliminate  all  traces  of  nitric  acid,  as  it 
retards  the  action  of  the  heat -rays  on  the  bromide,  and 
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may  destroy  it  if  present  in  any  appreciable  (luantitie.s. 
To  prepare  the  plate  with  this  silver  bromide  emulsion 
all  that  is  necessary  is  to  pour  it  over  a  clean  glass 
plate,  as  in  ordinary  photographic  processes,  and  to 
allow  it  to  dry  in  a  dark  cupboard. 

*  It  has  been  found  advantageous  to  coat  the  plate  in 
red  light,  and  then  to  wash  the  plate  and  immerse  it  in 
a  dilute  solution  of  HCl,  and  again  wash,  and  finally 
dry.  These  last  operations  can  be  done  in  dishes  in 
absolute  darkness  ;  the  hydrochloric  acid  renders  inno- 
cuous any  silver  sub-bromide  which  may  have  been 
formed  by  the  action  of  the  red  light,  and  which  would 
otherwise  simulate  a  heat  image. 

*  The  development  of  the  plate  is  greatly  more  difficult 
than  the  preparation  of  the  emulsion.  A  strong  deve- 
loper it  will  not  stand,  and  I  may  say  also  that  a  very 
new  one  is  inadmissible  when  using  the  ferrous  oxalate 
development.  To  make  the  developer,  a  saturated 
solution  of  neutral  oxalate  of  potash  is  saturated  in  the 
cold,  with  ferrous  oxalate,  and  then  the  deep  red  solution 
decanted  off.  When  freshly  prepared  it  is  useless  to 
attempt  to  develop  a  plate  with  it  unless  the  precaution 
be  taken  of  adding  to  it  an  equal  part  of  a  saturated 
solution  of  ferric  oxalate  in  the  oxalate  of  potash.  Such 
a  mixture  may  be  employed  by  adding  to  it  immediately 
before  all  an  equal  volume  of  a  solution  of  potassium 
bromide  (20  grains  of  the  salt  to  13  of  water).  The 
plate  may  then  develop  without  fog,  or  it  may  not ; 
if  it  does  fog,  the  development  must  have  more  bromide 
solution  added  to  it,  and  another  trial  made.     On  some 
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days  a  clean  picture  seems  an  iinpobsibility,  wliilst  on 
others  every  one  will  he  perfect.  It  in  not  theeniulHion 
that  is  in  fault,  since  on  a  **  clear  day  "  and  on  a  *'  f<>;;j^y 
day  "  the  identical  iinulsion  may  be  used,  showinj^  that 
the  developer  is  at  fault.  This  year  this  trouble  seems 
to  have  increased,  and  I  can  only  lay  it  down  to  the 
dilYercnt  preparations  of  the  oxalates.  Of  one  thinf^ 
care  should  be  taken  — viz.,  that  the  developer  never  shows 
alkalinity  ;  a  drop  of  dilute  sulithuric  acid  or  nitric  acid 
may  be  added  to  the  developing  ('iip  just  before  develop- 
ment with  advantafje.' 

§  4.  That  cU'ctriiittj  affects  the  photographic  plate 
has  long  been  known  ;  and  it  is  easy  to  get  a  picture  of 
a  non-luminous '  brush  '  discharge  from  a  point  affixed 
to  a  static  electric  machine  (such  as  a  plate  machine,  or 
a  Wimshurst),  or  from  one  terminal  of  an  induction  coil, 
which  for  this  purpose  need  not  be  a  very  powerful  one, 
by  simply  holding  an  ordinary  wet  collodion  or  a  dry 
plate  for  a  second  near  the  discharging  point.  Tiiis 
experiment  should  of  course  be  performed  in  the  *  dark 
room,'  and  care  should  be  taken  that  no  actual  sparking 
takes  place.  If  the  experiment  have  been  made  with  a 
wet  collodion  plate,  the  ordinary  acid  ferrous  sulphate 
developer  should  be  used  to  bring  out  the  resulting 
picture  ;  if  a  dry  plate  has  formed  the  basis  of  the  experi- 
ment alkaline  pyro  or  ferrous  oxalate  may  be  employed 
as  developers. 

There  is,  however,  another  mode  of  producing  pictures 
by  means  of  electricity  which  the  author  has  experi- 
mented with,  and  which,  as  he  has  not  seen  it  described 
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or  jidvertetl  to  elsewhere,  may  he  worthy  of  tlie  reader's 
attention.  This  mode  depends  entirely  upon  induc- 
tion, there  lujiii}^  no  actual  (liscJiatyc  of  electricity 
throiifih  or  ainiiii  the  sensitive  film  of  the  plate  itself; 
hut  around  it  is  set  u[)  a  state  of  varying  electrical 
tension,  which  hy  indnctioii  produces  a  disturhance  in 
the  molecules  of  the  sensitive  lilm,  in  a  manner  precisely 
similar  to  that  in  which  the  rays  of  light '  or  heat  act. 

To  ohtain  this  eltect,  it  is  only  necessary  to  place  an 
ordinary  gelatine  hromide  plate  (Cadett's  'Lightning' 
plates  will  he  found  very  good  for  this  purpose)  in  one  of 
Tylar's  *  dark  hags,'  and  then  to  place  a  piece  of  tin- 
foil, with  some  device  cut  out,  on  the  outbide  of  the 
hlack  hag  or  envelope,  on  the  surface  nearer  the  film. 
On  each  side  of  the  black  bag  is  now  phiced  a  well- 
cleaned  glass  plate,  w^hich  should  be  considerably  larger 
than  the  bag.  Both  under  the  lower  glass  plate  and  over 
the  upper  one  is  now  placed  a  sheet  of  tinfoil,  about  the 
same  size  as  the  sensitised  plate.  The  whole  sandwich 
is  now  laid  on  a  table,  and  the  lower  tinfoil  and  the  upper 
respectively  put  in  circuit  either  with  the  terminals  of  a 
coil  capable  of  giving  at  least  1  in.  spark,  or  else 
with  the  outer  coatings  of  the  two  Ley  den  jars  of  a 
Wimshurst  or  similar  machine,  the  discharging  knobs 
between  the  jars  being  so  arranged  as  to  spark  at  about 
1  in.  distance.  The  coil  or  the  AVimshurst  having  been 
set  in  action,  and  about  a  dozen  discharges  allowed  to 

'  With  a  great  show  of  reason,  Professor  Oliver  Lodge  considers 
electricity  and  light  to  be  one  and  the  same  thing.  See  Modern  Vicivs 
of  Electricity. 
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tako  place,  il  will  lio  f»)iiii(l  uu  retiring  tu  Iht*  dark 
room,  and  submitting  the  plate  to  the  action  of  the 
developer,  that  a  very  distinct  image  of  (Ik  i»:itt«  rn  or 
device  will  he  the  result,  flero  we  see  that  the  elToct 
is  purely  electro-chemical,  that  no  *  discharge  '  or  *  spark  ' 
or  other  *  light '  elTect  of  electricity  has  any  hand  in  Iho 
result.  The  upper  and  lower  tinfoils  get  charged  *  Leyden- 
jar  fashion  '  during  the  cxpcriinent,  and  at  each  discharge 
they  are  seen  to  wave  suddenly.  The  cxi)lanation  of 
this  noticeable  phenomenon  is  that  the  loose  slieets  of 
tinfoil  become  respectively  charged  positively  and  nega- 
tively, and  that  to  a  certain  extent  the  surface  of  the 
glass  on  which  they  rest  has  taken  up  a  similar  charge, 
and  repels  the  tinfoil ;  at  the  instant  of  discharge,  there 
being  no  repulsion,  the  tinfoil  falls  back  again  flat  on  the 
glass.  It  will  be  evident  to  any  one  acquainted  with  the 
rudiments  of  electricity  that  no  real  current,  or  even  true 
discharge,  takes  place  on  the  surface  of  the  sensitive 
film  ;  but  it  is  probable  that  under  the  inductive  effect 
of  the  oppositely  charged  tinfoil  coatings  the  molecules 
of  silver  bromide  are  polarized ;  that  at  the  instant  of 
discharge  they  fall  back  into  their  old  position  ;  and  that 
the  repeated  molecular  disturbances  or  oscillations  set  up 
by  the  consecutive  discharges,  or  *  changes  of  potential,' 
are  sufficiently  great  to  render  the  film  amenable  to  the 
action  of  the  developer  at  those  portions  not  jn'otected 
by  the  tinfoil,  which,  being  of  poor  specific  inductive 
capacity,  cuts  off  to  a  considerable  extent  the  influence  of 
the  upper  charged  tinfoil.  Fig.  1  is  from  a  photograph 
obtained  by  the  means  described  above. 
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The  folluwiii;^  oxperiinent  l>y  Mr.  K.  ('.  Shettle  is 
iiifeert'stiug  in  this  connection. 

A  No.  14  B.W.G.  cotton-covered  copper  wire  was 
l)ent  five  times  upon  itself  in  [)ariillcl  lines.  It  was 
tlicii  fastened  to  a  piece  of  cardboard  by  stitchin^;  it  at 


Fig.  1. — Induction  Effect  (Ckoss). 

each  bend  and  midway  between  the  bends.  A  very 
thin  magnetic  strip  was  ihen  placed  across  the  back  of 
a  photographic  plate,  its  position  being  maintained  by 
small  pieces  of  postage  stamp  paper.  The  photographic 
plate,  with  the  magnet  at  its  back,  and  the  cardboard 
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witli  tlic  wire  attaclicd  as  doscribcd,  wore  nexl  V(  ry 
cari'fully  wrapixMl  up  in  rul)y  paper,  whicli  was  jij^aiii 
covered  with  l)la('k  paper,  the  wire  on  the  surface  of 
the  cardl>()ard  restiiif^  on  tho  sensitive  surface  of  the 
photo«;raphie  paper —  /.c,  notliin*^  intervened  hut  tho 
cotton  with  which  llic  wire  was  covcird.  It  sliould 
also  he  stated  that  previous  to  enfohlin^  the  ap[)aratus 
in  the  paper  the  terminals  of  the  wires  were  hent  hack 
upon  the  outer  surface  of  the  cardhoard,  and  th;it  the 
whole  process  was  conducted  hy  a  photographer  in  his 
dark  room.  The  terminals  of  the  wires  were  then 
connected  with  the  wires  of  a  Fowler's  alternator 
dynamo  giving  10  periodicities  per  second,  and  a 
current  of  ahout  8  amperes  was  sent  through  the  wire 
for  ahout  forty-seven  minutes. 

After  the  development  of  the  results  hy  the  photo- 
grapher on  the  following  day  examination  showed  not 
only  the  complete  image  of  the  magnetic  strip,  hut  of 
the  stamp  paper  also  hy  which  it  was  affixed  to  the 
glass,  together  with  a  representation  of  the  red  line 
which  exists  near  one  edge  of  the  paper  and  the  seg- 
ments of  the  perforations  where  the  stamps  had  been 
torn  away. 

§  5.  Although  not  directly  connected  with  radio- 
graphy, it  is  well  to  notice  that  mere  mechanical 
pressure  is  sufficient  to  bring  about  a  molecular  change 
in  the  constitution  of  certain  bodies,  notably  certain 
salts  of  mercury  as  well  as  the  silver  salts  mentioned  in 
the  previous  sections.  For  example,  there  is  a  beautiful 
scarlet   compound   of   mercury  with   iodine   known  as 
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mercuric  iodide,  which,  if  heated  (after  being  spread 
on  a  slieet  of  paper  by  gentle  pressure  with  a  spatuhi, 
so  as  to  produce  an  even  layer),  assumes  a  crystalline 
form,  at  the  same  time  changing  its  brilliant  scarlet  for 
a  dull  primrose  tint.  This  yellow  colour  is  retained  so 
long  as  the  surface  is  not  touched  ;  but  if  the  surface 
l>e  now  pressed,  or  rubbed,  or  scratched  with  a  point, 
the  molecular  condition  of  the  iodide  of  mercury  is 
disturbed,  and,  losing  its  crystalline  form,  it  reverts  to 
the  amorphous  bright  scarlet  state.  It  is  very  interest- 
ing to  notice  this  effect,  since  the  action  is  not  localised 
to  the  spot  touched,  but  gradually  extends  itself  to  the 
whole  lilm  of  iodide  covering  the  sheet  of  paper,  pro- 
vided that  film  have  been  made  fairly  continuous.  In 
July  1842,  Mr.  Moser  of  Konigsberg  showed  that  it  is 
sufficient  to  place  a  body  in  contact  with  a  sensitised 
daguerreotype  plate  (even  in  the  dark)  to  be  able  to 
produce  a  distinct  image  of  the  body,  on  development 
of*  the  plate.  Dr.  Draper,  as  early  as  September  1840, 
mentions  a  similar  fact.  Perhaps  the  most  extraordinary 
point  in  connection  with  these  phenomena  is  that  it  is 
not  necessary  that  the  body  should  be  in  actual  contact 
with  the  daguerreotype  plate  to  produce  these  results. 
In  one  experiment  performed  by  Kobert  Hunt  ^  it  was 
shown  that  by  placing  upon  a  plate  of  polished  copper  a 
thick  piece  of  plate  glass,  and  over  this  a  square  of  metal 
and  then  some  other  articles,  each  of  which  was  rather 
larger  than  the  one  beneath,  and  then  the  whole  covered 
by  an  inverted  deal  box,  an  image  could  be  obtained. 

'  Hunt's  Pliotograpliy,  4th  ed.  p.  155. 
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Tlio  dfiil  l»(»x  WHS  more  tiiaii  J  in.  distaiiL  troin  the 
plate.  Tliin^'H  were  left  in  this  poHitiun  for  a  iii;^'ht. 
On  (levelopin«^  tin*  plate  it  was  found  that  eacii  artich; 
was  copied,  (he  liottoin  of  the  ih-al  hox  more  faitlifidly 
than  any  of  tlie  others,  the  grain  of  tin-  wcjod  hein{4 
ima«^ed  on  tlie  plate.  Attention  is  called  here  to  these 
*  contact  pictures,'  not  so  much  for  any  direct  bearing 
they  have  upon  radiography,  but  in  order  to  prevent 
the  student  from  being  misled  by  the  production  of 
images  which  he  may  think  due  to  the  X  ray  elTects 
of  electricity  or  of  magnetism,  but  which  may  be  really 
due  to  contact  or  pseudo-contact  only. 
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CHAPTER   II 

ON    THE    EFFECTS    OF    A    PARTIAL    VACUUM    ON 
ELECTRICAL    DISCHARGES 

§  6.  When  a  current  of  electricity  of  sufficiently  high 
pressure  encounters  in  its  passage  an  air  space  at  any 
point  of  the  circuit,  light  and  heat  are  the  results  of  this 
interruption  in  the  circuit.  To  produce  this  result,  if  the 
electro-motive  force  be  low,  say,  does  not  exceed  from 
50-100  volts,  it  is  absolutely  necessary  that  the  points  at 
which  it  is  intended  to  produce  the  light  should  be  in 
actual  contact,  and  then  gradually  withdrawn.  With  such 
low  pressures  as  those  indicated,  the  distance  to  which 
the  two  points  at  which  the  *  arc '  or  light  is  produced 
can  be  separated  is  always  very  small,  rarely  exceeding 
^  in.  But  by  increasing  the  E.M.F.  the  length  of  the 
arc  may  be  increased,  and  when  a  pressure  of  some  12,500 
volts  has  been  reached,  not  only  will  the  arc  be  produced, 
but  it  will  strike  across  an  air  gap  of  about  i  in.,  without 
requiring  the  points  to  be  brought  in  actual  contact. 
With  higher  voltages  proportionately  longer  discharges 
through   air    can  be  obtained ;  it  is  roughly  estimated 
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that  it  r('(|uiro8  about  50,000  volts  for  every  indi  of  air 
gap  to  be  bridj^od  ;  or,  in  otlier  wordn,  that  for  every  inch 
of  spark  rr(|iiired  in  onliiKir//  <iir,  an  E.^I.F.  of  50,000 
volts  will  be  needed.  But  if  the  points  between  which 
the  arc  is  produced  be  enclosed  in  a  tube  or  other  glass 
vessel,  capable  of  having  the  air  contained  within  it 
gradually  exhausted,  it  is  found  that  the  distance  to 
which  the  points  may  be  removed,  without  interrupting 
the  tlow  of  the  current  and  the  consequent  production  of 
visil)le  light,  may  be  increased  up  to  a  certain  point  with 
the  increase  in  the  rarefaction  of  the  air  in  the  contain- 
ing tube  or  vessel.  In  fact,  so  low  a  pressure  as  12,500 
volts,  which  would  give  barely  ^  in.  spark  in  air,  will 
easily  spark  across  a  tube  6  in.  in  length,  when  the 
exhaustion  has  been  carried  to  about  -,'-  of  the  original 
pressure  of  the  air.  Tubes  of  this  kind,  in  which 
electrodes  are  fused  in  each  end,  and  from  which  the  air 
has  been  duly  exhausted,  have  long  been  before  the 
public,  and  are  known  as  Geissler  tubes  or  vacuum  tubes. 
One  noticeable  peculiarity  is  that,  as  the  vacuum 
increases,  the  brilliancy  and  directness  of  the  discharge 
or  arc  decreases,  the  light  produced  being  evidently  due 
to  the  resistance  met  with  by  the  current  in  traversing 
the  air ;  and  since  this  resistance  becomes  less  as  the  air 
becomes  more  rarefied,  so  the  light  becomes  less  white 
and  brilliant,  passing  gradually  to  bluish,  and  lastly  to  a 
ruddy  violet,  diffusing  itself  at  the  same  time  throughout 
the  entire  tube  or  containing  vessel.  If  the  vacuum  be 
pushed  far  enough,  as  nothing  is  left  in  the  tube  to 
convev  those  undulations  of  matter  which  we  know  under 
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the  name  of  electricity,  no  discharf^e  takes  place  ;  in 
point  of  fact,  it  is  possible  to  arrange  two  platinum 
wires,  with  their  extremities  only  77,' ,,  in.  apart, 
enclosed  in  a  glass  tube  from  which  the  air  has  been 
practically  all  exhausted  by  means  of  a  Sprengel,  a  Geryk, 
or  other  air  pump  capable  of  producing  a  very  high 
vacuum,  so  that  no  spark  or  appreciable  discharge  shall 
take  place  between  them,  while  at  the  same  time  two 
rods,  separated  to  a  much  greater  sparking  distance,  and 
connected  to  the  two  former,  will  allow  electricity  to 
discharge  itself  freely  between  them  in  the  air.  Between 
these  two  points — viz.,  the  production  of  a  long  and,  com- 
paratively speaking,  feeble  violaceous  discharge  in  a 
partial  vacuum,  and  the  absolute  impossibility  of  pro- 
ducing a  discharge  of  any  kind  across  a  perfect  vacuum, 
several  peculiar  effects  are  observable.  The  length  of 
spark  with  a  given  electro-motive  force  increases 
inversely  as  the  pressure  between  11  in.  of  mercury 
and  30  in.  (which  is  equal  to  the  pressure  of  one  atmos- 
phere). At  lower  pressures  a  greater  difference  of 
potential  must  be  used  to  produce  a  spark.  "When  we 
come  to  an  exhaustion  equal  to  about  tuu^ott  of  an 
atmosphere,  theE.M.F.  required  to  produce  a  discharge 
is  very  nearly  half  as  much  again  as  that  required 
under  ordinary  atmospheric  conditions. 

§  7.  When  such  high  vacua  are  reached,  the  electric 
discharge  produces  httle  or  no  visible  light ;  but  its 
presence  is  capable  of  being  rendered  evident  by  its 
power  of  causing  certain  bodies  to  glow  with  light,  or 
'  fluoresce.'     If  the  apparatus  take  the  form  of  a  glass 
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tuU'  ov  Imll)  '  isi'o  li^'.  2)  with  a  I'laliiiuiii  electrode 
at  each  end,  as  the  glass  itself  is  a  body  capable  of 
*  fluorescing;,'  the  interior  of  the  bulb  is  seen  to  glow 
witli  a  soft  yellowish  light,  which  may  vary  according 
to  the  degree  of  vacuum  in  the  tube  and  the  voltage  of 
the  current,  passing  from  a  pale  apple-green  to  a  dis- 


Fio.  2.—  Crookes'  Tube  (Oli»  Form). 

tinct  canary-yellow  colour.  In  any  case,  however,  the 
light  is  so  feeble  as  to  be  barely  perceptible  in  day- 
light. 

§  8.  Whatever  may  be  the  nature  of  the  vibration 

'  Usually   designated   a    '  Crookes'    tube,'  from    the    name   of   the 
scientist  who  first  investigated  the  properties  of  these  high  vacua. 


VACUUM  ON  ELECTRICAL  DISCHARGES 


17 


or  undulation  set  up  in  the  highly  rarefied  medium 
contained  in  the  exhausted  tube,  what  is  certain  is,  that 
it  possesses  properties  which  partake  at  once  of  those  of 
light  and  of  electricity,  while  differing  in  many  respects 
from  both.  One  of  the  properties  common  to  electricity 
is  that  of  setting  up  inductive  effects  in  surrounding 
media,  and  of  attracting  light  bodies  placed  in  the 
vicinity  of  the  exhausted  tube  wherein  the  discharge  is 
taking  place.    These  effects  may  be  easily  shown  if  a  tube 


Fig.  3. — Tube  on  Stand,  Showing  Attraction  of  Cotton  Wool. 


be  arranged  as  in  the  annexed  fig.  3,  and  underneath 
it,  at  a  distance  of  about  6  in.,  a  Franklin  plate,  or  two 
sheets  of  writing-paper  superimposed,  or  even  some 
tufts  of  cotton  wool,  be  placed.  If  now  a  discharge  be 
set  up  in  the  tube,  either  by  means  of  a  coil  giving  a 
suitable  length  of  spark,  or  else  (and  preferably)  from 
the  outer  coatings  of  the  Leyden  jars  belonging  to  a 
Wimshurst  machine,  with  the  discharging  balls  arranged 
at  a  convenient  *  striking ' '  distance,  the  tufts  of  cotton 

'  For  ordinary  tubes  this  distance  will  be  about  3  in. 
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wool  will  be  seen  to  be  attracted,  the  two  sheets  of  paper 
will  be  found  to  be  each  charged  in  opposite  senses  and 
therefore  to  adhere  strongly  to  one  another,  or,  ihially, 
the  Franklin  plate  will  be   found  to  have  taken   ii])  a 
charge.     Similar  to   electricity  also,  these   undulations 
or  vibrations  possess  the  power  of  causing  certain  bodies 
to   fluoresce   or   give    out   light,    notably   certain   salts 
containing   tungsten,  platinum,  uranium,   barium,  cal- 
cium,   kc.     They   diller,    however,    from    the   ordinary 
visible  electric  discharge  in  their  effects,  inasmuch  that 
whereas  in  order  to  set  up   fluorescence  in  the  latter 
case  the  fluorescent  body  must  not  be  shielded  from  the 
source  of  undulations  by  any  body  which  is  opaque  to 
ordinary  light  (such  as  wood,  leather,  ebonite,  &c.),  in 
the  former  many  so-called  opaque  bodies,  such  as  those 
already  enumerated,  are  virtually  transparent  to  these 
undulations,   and   allow   the  fluorescent  effect  to  take 
place  through  them  with  the  greatest  facility.     On  the 
other   hand,    some    bodies    which    are    transparent    to 
ordinary  lights  (such  as  glass  and  certain  crystals)  are 
extremely  opaque  to  these  undulations.     The   point  of 
resemblance  between  these   undulations   and   light,  in 
addition  to  that  of  being  easily  transformed  into  visible 
light,  as  above  shown,   consists  in  their  very  marked 
action  on   the  sensitive  photographic  film,   such  as  is 
employed  for  use  in  ordinary  white  light.     Here,  again, 
the  peculiarity  evinced  b}^  these   undulations  of  being 
able  to  penetrate  blocks  of  wood,  brick,  sheets  of  leather, 
ebonite,   stout   cardboard,   flesh,    &c.,   as  though   they 
were  transparent  bodies,  while  they  are  unable  to  pass 
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through  thin  metal,  glass,  and  some  other  visually 
transparent  substances,  shows  itself  in  a  most  marked 
manner. 

§  9.  The  first  one  who  called  attention  to  the 
peculiarity  of  these  undulations  set  up  by  electrical  dis- 
charges in  very  high  vacua  was  Professor  Lenard,  a 
Hungarian ;  closely  following  him  came  Conrad  W. 
Eontgen,  professor  at  the  University  of  Wurzburg, 
Bavaria,  who  showed  that  hone  was  much  less  trans- 
parent to  these  undulations  than  flesh  while  more 
transparent  than  metal,  and  that  hence  practical  appli- 
cation was  possible  in  the  way  of  locating,  by  means  of 
this  new  method  of  photography,  the  presence  of  shot, 
of  needles,  and  other  extraneous  bodies,  Szc,  in  the 
human  subject ;  also  of  abnormal  growths,  or  ankylosis 
of  the  bones  ;  or  in  the  case  of  breakage,  and  subsequent 
surgical  treatment,  of  the  greater  or  lesser  degree  of 
success  attained  in  the  setting  of  bones,  &c. 

§  10.  The  power  of  being  able  thus  to  see  through 
the  flesh,  by  means  of  the  undulations  which,  passing 
through  it,  are  allowed  to  impinge  on  the  surface  of  a 
screen  superficially  coated  with  one  of  the  above-named 
fluorescent  bodies,  more  especially  barium- platinocyanide 
or  calcium  tungstate,  afi'ords  a  ready  means  of  localising 
the  presence  of  abnormalities  in  the  human  organism, 
&c.,  without  the  trouble  and  loss  of  time  entailed  by 
taking  a  radiograph.  It  has  been  found  that  as  the 
rapidity  with  which  the  discharges  take  place  across  the 
vacuum  increases,  and  the  electro-motive  force  supplying 
the   current   rises,  so   the  penetrative   power  of   these 

c  2 
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\iiuliiliilions  (HOW  known  as  Kontgen  rays,  X  rays,  or 
cathode  rays)  varies,  so  that  some  bodies  which  are 
opaque  to  the  rays  taking  their  origin  from  a  current  of 
150,000  volts  pressure,  become  transparent  to  those 
originating  under  a  pressure  of  300,000  volts  or  more. 
Mr.  'L\  C.  Porter  has  shown  that  rays  to  which  the 
flesh  is  actually  more  opaque  than  the  bone  may  be 
obtained  by  cooling  the  tube  to  a  very  low  temperature 
by  means  of  solid  carbonic  acid  and  ether.'  Another 
very  peculiar  effect  of  these  undulations,  or  rays,  is  that 
of  increasing  the  electrical  conductivity  of  many  in- 
sulating bodies,  notably  paraffin  and  ebonite,  when 
subjected  to  their  influence.  The  rate  and  amplitude  of 
discharge  or  oscillations,  whether  obtained  from  Leyden 
jars  or  from  induction  coils,  can  be  altered  to  almost 
any  desired  extent  by  the  employment  of  condensers  of 
greater  or  lesser  capacity,  or  by  the  insertion  of  *  choking 
coils '  (or  other  similar  devices),  which,  by  giving  the 
*  discharge  current '  more  electro-magnetic  work  to  do, 
act  as  a  '  drag,'  or  '  inertia.'  ^  The  following  is  an 
extract  from  '  Nature  '  (vol.  Iv.  p.  30)  bearing  on  this 
peculiar  effect  of  interruption  or  resistances  in  the 
circuit : 

'  Mr.  Porter  appears  to  have  obtained  very  good  results  by 
introducing  several  spark  gaps  and  induction  spirals  into  the  circuit 

'  To  these  waves  the  name  of  X.^,  X3,  &c.,  rays  have  been  given. 

-  It  must  be  borne  in  mind  that,  with  the  very  rapid  undulations 
which  take  place  with  the  Leyden  jar  or  Tesla  transformer,  it  is  of  no 
advantage  to  introduce  iron  into  the  coils,  since,  as  the  waves  succeed 
each  other  in  opposite  directions  so  rapidly,  the  iron  is  incapable  of 
taking  up  the  rhythmical  measure. 
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between  the  two  electrodes  of  the  machine  and  those  of  the  tube. 
In  one  of  his  experiments  a  Wimshurst  with  two  15  in.  plates  was 
employed  to  excite  the  tube.  Several  different  arranj^ements 
were  tried ;  one  of  tlie  best  may  be  described  as  follows  :  Starting 
from  the  negative  electrode  of  the  machine,  we  have  first  a  ^  in. 
air  gap,  then  a  helix  of  wire  followed  by  a  :}  in.  air  gap,  followed  by 
the  cathode  of  the  tube.  Then  starting  from  the  anode  of  the  tube, 
there  occurs  a  ^  in.  air  gap  followed  by  a  helix  of  wire,  between 
which  and  the  positive  electrode  is  another  |  in.  air  gap.  This 
arrangement  gives  a  series  of  rapid  and  brilliant  flashes  in  the  tube. 
The  human  backbone  can  be  seen  on  the  screen  through  8i  in.  of 
brick  wall.' 
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CHAPTER   ill 

THE    INDUCTION    COIL 

§  11.  Having  thus  glanced  at  the  successive  steps 
which  have  led  up  to  a  knowledge  of  the  peculiar  properties 
and  usc'ful  applications  of  the  electric  waves  set  up  in 
high  vacua,  we  can  pass  on  to  the  consideration  of  the 
practical  portion  of  our  suhject,  and  to  a  study  of  those 
pieces  of  apparatus  which  are  necessary  to  attain  the 
desired  results.  The  essentials  for  the  production  of 
radiographic  pictures  are,  firstly,  a  source  of  electricity ; 
secondly,  a  means  of  raising  the  E.M.F.  of  the  electricity 
set  up  hy  the  source,  and  also  of  increasing  or  decreasing 
the  frequency  of  the  undulations  or  '  discharge  waves ' ; 
thirdly,  some  form  of  vessel  or  tuhe  in  which  a  vacuum 
of  the  desired  degi-ee  of  rarefaction  has  heen  or  can  he 
produced  ;  fourthly,  a  stand  or  other  means  of  supi^orting 
and  maintainmg  the  aforesaid  vacuum  tube  in  an}'  desired 
position — this  stand  being  so  constructed  that  the  two 
opposite  ends  of  the  tube  (the  anode  and  cathode  respec- 
tively) may  always  be  so  well  insulated  that  there  shall 
be  no  tendency  for  the  discharge  to  take  place  outside  the 
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tube  along  any  portion  of  the  stand  rather  than  traverse 
the  high  vacuum  which  obtains  within  the  tube  ;  fifthly, 
a  sensitised  film  or  plate,  on  which  the  image  of  the 
shadow  cast  by  the  rays  traversing  bodies  more  or  less 
pervious  to  them  is  received  and  recorded.  Along  with 
the  *  sensitive  film  '  we  include  the  necessary  protecting 
envelope,  which,  although  impervious  to  ordinary  light, 
is  transparent  to  these  X  rays.  Under  this  head  also 
must  be  classed  the  appliances  and  chemicals  necessary 
for  the  development,  for  the  fixation,  and  for  the  subse- 
quent printing  and  mounting  of  the  pictures  produced. 
As,  however,  these  are  common  to  ordinary  photography, 
no  special  or  detailed  description  will  be  given  of  them, 
except  in  those  points  in  which  it  may  be  advisable  to 
vary  somewhat  the  practice  followed  in  obtaining  an 
ordinary  photographic  picture.  Sixthly,  and  lastly,  a 
fluorescent  screen  which,  on  being  placed  between  the 
tube  emitting  the  rays,  the  object  to  be  examined  and 
the  eye,  by  converting  the  invisible  undulations  into 
visible  light  rays,  enables  the  operator  to  differentiate  the 
texture  and  the  components  of  many  bodies  subjected  to 
the  action  of  the  X  rays.  This  screen  is  also  useful  in 
some  cases  to  shorten  the  time  of  exposure  required  by 
the  sensitive  plate  to  secure  an  image. 

§  1'2.  Although  there  is  no  doubt  that  almost  any 
generator  capable  of  supplying  electricity  in  sufficient 
quantity,  and  at  a  sufficient  potential,  could  be  used  for 
the  production  of  X  rays,  and  consequently  of  radio- 
graphic effects,  yet  in  practice  only  three  instruments 
have  found   favour.     These  are  the  induction  coil,  the 
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\Vimshurst  machiiu','  and  llio  Tcsla  transformer.  We 
will  consider  these  in  the  f()llowin<];  pj^ges,  givinp; 
suniciently  explicit  directions  to  enable  the  intellif^ont 
amateur  to  construct  either  of  the  pieces  of  apparatus 
with  a  fair  certainty  of  success. 

§  13.  The  induction  (•(»{!  for  this  purpose  should  he 
capable  of  giving  a  clean  and  continuous  discharge  or 
spark  across  at  least  8  in.  in  air.  Although  it  is  possible 
by  using  a  small  tube,  with  electrodes  rather  near  one 
another,  to  take  a  picture  of  certain  thin  bodies  with 
coils  giving  as  little  as  2  in.  of  spark,  yet  the  exposure 
is  long,  and  the  detail  never  very  good.  On  the  other 
hand,  for  all  ordinary  purposes,  it  is  rarely  necessary  to 
exceed  the  power  given  by  a  6  in.  spark;  and  this  will 
enable  the  operator  to  distinguish  on  the  screen  the 
beating  of  the  heart,  and  to  take  a  photogi'aph  through 
the  chest  or  abdomen  in  twenty  or  thirty  minutes,  while 
pictures  of  the  hands,  feet,  &c.,  can  be  obtained  in  from 
one  to  two  and  a  half  minutes.  Reckoning  the  E.M.F. 
required  to  produce  a  1  in.  spark  in  air  at  50,000  volts, 
this  means  that  the  potential  employed  should  not  be  less 
than  150,000  volts,  and  may  conveniently  rise  to  300,000 
volts.  In  purchasing  such  a  coil,  it  will  be  well  to  notice 
the  following  points  :  firstly,  that  the  coil  be  capable  of 
giving  really  a  measured  3  in.  or  6  in.  spark,  as  the  case 
may  be,  between  two  wires  connected  to  the  secondary 
terminals ;    secondly,  that   the   battery  power   required 

'  The  Holtz  machine  has  also  been  used  with  great  success  in 
America,  by  Dr.  Monell ;  a  section  has  been  dedicated  to  a  description 
of  his  machine  and  its  results  in  this  book,  q.v. 
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should  not  bo  excessive.  It  sliould  not  exceed  six  cells, 
quart  size,  of  Bunsen  or  Groves,  or  six  accumulators,  in 
the  case  of  the  3  in.  spark  coil,  or  eight  such  cells  in  the 
case  of  the  6  in.  spark  coil.  The  wire  of  the  primary 
should  be  sufficiently  stout  to  admit  of  its  carrying  the 
full  current  capable  of  being  given  by  the  above-mentioned 
batteries  (and  which  will  probably  not  be  less  than  12 
amperes)  without  heating.  The  condenser  should  be  of 
sufficient  capacity  to  keep  down  any  injurious  sparking 
between  the  platinum  points  of  the  contact  breaker,  and 
the  platinums  themselves  should  be  heavy  enough  to 
carry  all  the  current  passing,  without  any  tendency  to 
welding  together  through  heating.  These  large  coils 
should  be  provided  with  a  commutator,  in  order  to  be  able 
to  rapidly  change  the  direction  of,  or  cut  off,  the  current 
at  will.  It  will  also  be  found  convenient  to  have  the 
battery  terminals  marked  +  and  — ,  with  corresponding 
marks  to  show  the  direction  of  the  current  through  the 
commutator  ;  and  lastly,  a  mark  denoting  which  is  the 
+  terminal  of  the  secondary  wire,  when  the  commutator 
and  the  positive  terminal  of  the  primary  wire  are  in  a 
certain  position  with  regard  to  one  another.  This  can 
easily  be  effected  by  marking  the  primary  terminal  which 
it  is  intended  to  couple  with  the  positive  pole  of  battery 
with  a  + ,  and  then,  having  placed  the  commutator  so 
that  the  bars  touch  a  given  spring,  to  mark  one  touching 
bar  and  spring  with  a  +.  This  done,  the  positive  end 
of  the  secondary  coil  is  ascertained  by  means  of  a  piece 
of  pole-testing  paper,  and  this  also  marked  by  a  -h. 
Provided  the  crosses  are  then  always  coupled  up  as  just 
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iimrki'd,  tho  polarity  of   tho  two   Becondary  wires   will 
always  be  the  same  in  all  future  experiments. 

§  14.  The  following  f^eneral  instructions  for  the 
construction  of  coils  specially  intended  for  X-ray  work 
will  enable  anyone  gifted  with  a  fair  amount  of  pains- 
taking patience,  and  a  little  mechanical  skill,  to  build  a 
coil  capable  of  giving  a  3  in.  or  a  6  in.  spark,  according 
to  the  dimensions  decided  upon.  In  order  to  avoid 
useless  repetition,  a  table  of  the  dimensions  of  the  various 
parts  is  given  first ;  then  follows  a  description  of  the 
mode  of  doing  the  actual  work  of  construction.  The 
reader  is  here  warned  that  he  must  not  suppose  that 
there  is  no  other  way  of  building  a  coil  capable  of  giving 
good  results,  or  even  that  an  equal  length  of  spark  may 
not  be  ol)tained  with  a  less  amount  of  wire,  &c. ;  but 
simply  that  if  he  carefully  carries  out  the  specifications 
given,  especially  with  regard  to  perfect  insulation  and  exact 
testing  of  each  section  of  the  secondary,  he  will  not  fail 
of  obtaining  the  desired  results. 

Dimensions  of  Parts  for  a  8  in.  Spark  Coil 

Iron  bundle  of  No.  20  li.W.G.  aiiiifalpd  iron  wire,  Ijin.  diameter, 

13  in.  long. 
I'riinary  wire  :  four  layers  of  No.  14  double  silk-covered  copper  wire, 

about  4 1  lbs. 
Ebonite  tube  over  primary,  12  in.  long,  2  in.  inside  diameter,  2^  in. 

outside. 
Two  ebonite  heads,  5  in.  square,  A  in.  thick. 
Seven  vulcanised  tibre  circlets  (for  sections),  4^  in.  diameter,  5^  in. 

thick,  2^  in.  central  aperture. 
Four  lbs.  No.  35  double  silk-covered  wire. 
Platinum  tip  contact  breaker,  height  from  base  to  centre  of  iron 
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hammer  2]  in. ;  si/e  of  iron  head  of  hammer  f  in.  diameter 
X  J  in.  long. 
Base  (fitted  with  false  bottom  to  contain  condenser),  18  in.  long  x  9 

in.  wide  x  2.^  in.  deep. 
Condenser,  144  sheets  of  tinfoil,  size  12  in.  x  6  in.,  interleaved  with 

144  sheets  of  paraffined  paper,  Bin.  x  13  in. 

Dimensions  of  Parts  for  a  C  in.  Spark  Coil 

Iron  bundle  of  No.  18  B.W.G.  annealed  iron  wire,  1|  in.  diameter 

15  in.  long. 
Primary  wire  :    four  layers  of  No.  14  double  silk-covered  copper 

wire,  about  5  lbs. 
Ebonite   tube  over   primary,    14  in.  long,  2.{  in.  inside   diameter, 

2.^  in.  outside  diameter. 
Elionite  heads,  6  in.  square,  ^  in.  thick. 
Seven  vulcanised  fibre  circlets,  5|  in.  diameter,  ^  in.  thick,  with 

2f  in.  central  hole. 
Seven  lbs.  No.  36  double  silk-covered  copper  wire. 
Platinum   tip    contact    breaker,    height    from   base    to   centre   of 

hammer  3  in. ;    size  of   hammer   head,   1  in.  diameter,    1  in. 

long. 
Base  (fitted  with  false  bottom  to  contain  condenser),  20  in.  long  x 

10  in.  wide  x  3i  in.  deep. 
Condenser,  144  sheets  of  tinfoil,  size  12  in.  x  6  in.,  interleaved  with 

144  sheets  of  paraffined  paper,  Sin.  x  13  in. 

§  15.  In  order  to  produce  a  successful  coil,  the 
greatest  care  is  required  in  order  to  ensure  perfect 
insulation.  The  pressure  or  '  tension '  set  up  in  the 
secondary  ^Yire  of  these  coils  (amounting  to  no  less  than 
150,000  volts  in  the  3  in.  spark  size,  and  to  300,000  in 
the  6  in.  spark  size)  is  so  enormous  that  there  is  always 
a  tendency  for  the  current  to  leak  off  at  some  undesirable 
place ;  and  if  this  once  takes  place,  the  evil  rapidly 
increases,  and  the  insulation  of  the  coil  breaks  down.    All 
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our  elYorts,  therefore,  must  be  directed  to  rendering  the 
insuhition  between  the  primary  and  secondary  wires, 
as  also  between  the  different  layers  or  sections  of  the 
secondary  wire  itself,  as  perfect  as  possible,  consistent 
with  not  introducing  so  much  space  between  the  inducing 
primary  and  the  induced  secondary  as  would  seriously 
lessen  the  inductive  effect  of  the  former.  But  it  must 
not  be  imagined  that  the  task  is  superlatively  difficult, 
or  calls  for  the  use  of  any  expensive  or  refined  apparatus  ; 
on  the  contrary,  as  Mr.  F.  C.  Allsop  '  well  puts  it : 

'  The  main  requirements  necessary  for  success  are  patience 
and  a  determination  to  construct  each  part  thoroughly.  Never 
leave  one  portion  until  quite  satisfied  that  every  precaution  has 
been  taken  to  render  it  as  perfect  as  it  is  in  your  power  to  make  it. 
Remember  that  even  one  little  point  passed  over  in  a  slovenly 
manner  may  be  the  cause  of  a  complete  failure,  and  that  it  is  an 
easy  matter  to  alter  certain  parts  during  construction,  while,  when 
finished,  it  is  often  impossible  to  do  so  without  pulling  the  whole 
coil  to  pieces.' 

§  16.  The  first  operation  consists  in  making  the 
soft  iron  core  for  the  primary.  A  sufficiency  of  the  best 
annealed  charcoal  iron  wire,  of  the  gauge  indicated  in 
the  table,  should  be  procured,  and,  if  not  already  straight, 
should  be  straightened  out  by  pulling  between  three  nails 
set  in  a  board,  and  cut  off'  into  lengths  according  to  the 
table.  The  bundle  should  be  made  into  a  cylindrical 
form  of  the  diameter  indicated,  and  the  best  way  of 
doing  this  is  to  make  a  brown-paper  tube,  like  a  rocket- 
case,  of  the  size  of  the  desired  bundle,  and  insert  the 

'  Indiiction  Coils  and  Coil-making. 
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straightened  iron  wire  into  this,  until  a  hard  bundle  has 
been  formed.  One  end  of  this  should  be  allowed  to 
project  considerably  beyond  the  tube,  and  should  be 
wrapped  spirally  from  end  to  end  with  rather  wide  tape 
dipped  in  shellac  varnish.  The  bundle  should  be  with- 
drawn from  the  tube  as  the  wrapping  goes  on,  the  tape 
being  pulled  very  tightly  so  as  to  ensure  the  bundle 
coming  out  firm  and  cylindrical.  When  the  bundle  has 
been  entirely  drawn  out,  the  finishing  end  of  the  tape 
should  be  stitched  to  the  layer  below  and  cut  off  flush. 
When  the  varnish  is  dry  it  will  be  well,  in  order  to  prevent 
the  wire  rusting  at  any  future  time,  to  boil  the  entire 
bundle  in  melted  paraffin  wax.  It  should  then  be  stood 
up  on  end  to  drain  and  cool. 

§  17.  The  next  step  is  to  wind  the  core  with  the 
primary  wire.  This  may  be  done  in  either  of  the  two 
following  manners  :  first,  by  hand,  in  which  case  about 
8  in.  of  the  primary  wire  are  allowed  to  stand  out  free, 
for  after-connection  to  the  terminals  and  contact  breaker 
of  coil,  and  firmly  tied  down  by  means  of  silk  twist  to 
the  core  (this  to  prevent  the  wire  untwisting  and  flying 
back)  at  a  distance  of  about  J  in.  from  the  starting 
extremity  of  core.  The  wire  can  now  be  wound  on  as 
closely,  evenly,  and  tightly  as  possible  to  within  J  in.  of 
the  other  extremity.  This  should  likewise  be  tied  down 
to  prevent  slipping,  and  the  winding  continued  over  this, 
taking  care  that  the  wire  lies  between  the  channels  of 
the  under  layer.  In  this  manner  all  four  layers  are  to 
be  wound  on,  the  terminating  end  being  likewise  care- 
fully  and  strongly  tied  down  with  silk  twist  as  before, 
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when,  Imviii;;  cut  oil*  tliu  leriiiiimtinj;  tiul  of  wire;  .so  as 
to  leave  another  8  in.  piece  for  future  connection,  the 
whole  may  he  hound  witli  a  spiral  tape  wnqipinf^  as  waH 
recommended  for  the  hare  coil.  Or,  secondly,  the  core 
may  he  wound  on  a  winder,  which  consists  of  aflathoard^ 
rather  longer  than  tin  Icni^'th  of  a  core,  on  which  are 
erected  two  standards  facing  one  another,  having  oppo- 
site holes  at  their  upper  extremities.  Tlie  core  is  placed 
between  these  two  uprights,  and  supported  in  that 
position  by  having  a  longish  French  nail  passed  through 
the  hole  in  one  standard  into  the  centre  of  the  core  at 
one  end,  the  opposite  end  being  supported  by  a  cranked 
arm  or  handle,  i)ointed  and  s(piared  at  one  extremity, 
which,  passing  through  the  hole  in  the  opposite  standard, 
is  also  driven  into  the  iron  wires  at  the  centre  of  the 
core. 

By  rotating  this  liandle  (one  end  of  the  wire  having 
been  previously  tied  down  to  the  core)  it  will  be  easy  to 
wind  the  primary  wire  very  evenly  and  regularly.  The 
same  precautions  of  course  must  be  taken  as  to  tying 
down  the  wire  and  finishing  off  with  tape. 

In  whichever  way  the  winding  may  have  been 
effected,  the  result  should  be  a  perfectly  even  and  cylin- 
drical rod,  with  the  two  projecting  ends  of  wire  at  one 
extremity.  The  finished  and  wound  cores  should  now 
be  either  heavily  shellac  varnished,  or  else  immersed  iii 
hot  paraffin  wax  until  all  bubbles  of  air  are  extricated. 

§  18.  The  next  step  is  to  fit  the  ebonite  tube  over 
the  primary  ;  and  owing  to  the  uncertainty  in  the  even- 
ness of  winding,  and  consequently  the  exact  resultiii" 
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diameter  of  the  wound  core,  it  will  be  advis5il)le  to  leave 
the  purchase  of  th(>  e))oiiite  tube  until  the  primary  has 
been  linished.  The  bore  of  the  tu})e  should  just  allow 
the  primary  wound  core  to  slip  in  easily,  without  any 
waste  space,  the  outside  dimensions  being  those  f^iven  in 
the  table. 

§  10.  When  a  suitable  tube  has  been  chosen  and 
cut  off  to  the  right  length,  it  must  be  placed  between  the 
centres  of  a  lathe,  and  a  male  screw  thread  cut  for  about 
\  in.  in,  at  each  extremity,  to  fit  into  a  corresponding 
female  screw,  which  must  be  cut  in  the  centre  of  the 
ebonite  heads,  which  are  to  form  the  cheeks  of  the  coil. 
The  vulcanised  fibre  circlets  may  now  be  adjusted,  turned 
up  to  exact  size,  so  that  they  just  slip  over  the  ebonite 
tube,  without  play,  the  heads  of  course  being  removed 
for  this  purpose.  One  hole  in  each  head  should  now  be 
drilled  and  tapped  to  take  the  shank  of  the  secondary 
terminal,  and  in  the  centre  of  the  opposite  edge  it  will 
be  well  now  to  drill  similar  holes  to  receive  the  screws 
that  are  to  hold  the  coil  down  to  its  base.  (These  latter 
screws  will  affect  the  working  of  the  coil  less  injuriously 
if  they  are  of  ebonite,  vulcanised  fibre,  or  ivory.) 

§  20.  The  winding  of  the  secondary  can  now  be 
proceeded  with.  For  the  3  in.  coil  it  will  not  be  necessary 
to  use  other  sections  besides  those  furnished  by  the 
vulcanised  fibre  circlets.  A  sufficient  quantity  of  long 
strips  of  good  demy  paper,  carefully  paraffined  by  run- 
ning through  a  bath  of  melted  paraffin  wax,  should  be 
prepared.  These  strips  should,  for  the  3  in.  coil,  be 
1|-^  in.  wide,  and  in  all  cases  should  be  long  enough  to 
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go  once  round  the  layer  of  wire,  with  a  httle  to  spare  to 
lap  over ;  hence  the  shorter  ones  at  the  beginning  will 
be  about  1)  in.  long,  while  those  for  the  top  layers  will 
require  to  be  18  in.  long.  The  operator  will  then  put 
together  the  heads,  ebonite  tube,  and  vulcanised  fibre 
washers,  in  the  following  manner.  He  will  begin  by 
drilling  a  hole,  a  little  larger  than  the  No.  86  wire  ho  is 
going  to  use,  at  ^  in.  from  the  edge,  through  the  periphery 
of  four  of  the  vulcanised  libre  discs,  which  will  hereafter 
be  distinguished  as  discs  1,  8,  5,  7.  He  will  in  like 
manner  drill  a  hole  within  about  ,',.,  in.  of  the  inner 
edge  (close  to  where  the  vulcanised  libre  disc  slips  on 
the  ebonite  tube)  of  the  other  three  discs,  which  must  be 
distinguished  as  2,  4,  and  6.  Having  removed  one  of 
the  heads  off  the  tube,  he  will  slip  on  the  libre  washers 
in  numerical  order,  1,  2,  3,  4,  5,  6,  7,  and  finally  screw 
on  the  head  at  the  opposite  side,  taking  care,  of  course, 
that  the  holes  that  are  to  take  the  terminals  and  the 
holding-down  screws  respectively  are  in  a  line  with 
each  other.  The  tube  is  now  to  be  mounted  between 
the  standards  of  a  winder  as  already  described  at  §  17, 
a  wooden  mandrel  packed  with  paper  rolled  round  it 
being  sufficient  to  carry  the  supporting  pin  at  one  end 
and  the  cranked  handle  at  the  other.  Or  the  mandrel 
may  take  the  form  of  an  iron  rod,  tapped  and  screwed 
at  each  end  to  allow  nuts  to  run  on,  which  serve  to 
clinch  up  and  hold  the  tube  with  its  heads,  &c.,  in 
place.  Things  being  thus  arranged,  the  vulcanised 
fibre  disc  No.  1  is  pushed  up  against  the  cheek  nearest 
to  it,  care  being  taken  that  the  little  hule  at  its  top 
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edge  is  in  a  line  with  the  hole  in  the  edge  of  the  head, 
which  w411  afterwards  receive  the  terminal.  One  turn 
of  the  paraffined  1 }  J>-  in.  paper  strip  is  now  rolled  round 
the  ebonite  tube  close  to  washer  No.  1.  Washer  No.  2 
is  now  brought  close  up  to  the  edge  of  the  paper  layer, 
care  being  taken  that  its  hole  (which  is  near  the  centre) 
should  also  be  in  a  line  with  the  terminal  screw  hole. 
The  vulcanised  fibre  washer  No.  2  can  be,  if  necessary, 
fastened  into  this  position  by  running  a  little  Prout's 
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Fig.  4. — Simple  Wini>i:ii. 

elastic  glue  or  Chatterton's  compound  round  the  seam 
between  the  ebonite  tube  and  the  washer,  by  the  aid 
of  a  hot  piece  of  wire  or  small  soldering  iron,  gently 
heated.  When  this  has  set  the  operator  passes  about 
1  ft.  of  the  No.  36  silk-covered  wire  (which  ought  to  be 
in  one  continuous  length  on  each  reel  to  facilitate  test- 
ing) through  the  hole  in  disc  No.  2,  causing  the  wire  to 
enter  the  hole  at  the  No.  1  side  and  to  come  out  at  the 
No.  3  side.     The  free  foot  or  so  of  wire  may  be  coiled 
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rouml  the  space  between  discs  2  and  JJ,  and  iicnl  down, 
80  as  not  to  j^ot  in  the  way.  The  reel  or  bobbin 
containing'  the  wiic  having  been  shnit;  between  the 
standards  on  the  lower  support  as  shown  at  li^.  1, 
the  wire  can  be  wound  on  the  space  between  washers 
2  and  1,  until  the  lh*st  layer  is  lilled  up.  The  handle 
or  crank  must  for  this  section  be  turned  clochuisc  for 
the  whole  number  of  coils  laid  on.  The  greatest  care 
must  be  taken,  inlaying  on  the  coils,  that  no  kinks,  breaks, 
or  even  irregularity  of  winding  occur,  since  the  two 
former  will  prevent  the  coil  from  working,  and  the  latter 
will  greatly  lower  its  elliciency.  When  one  layer  of 
wire  has  been  laid  on  from  disc  to  disc,  it  should  be 
parafHned  by  being  basted  in  hot  parattin  wax  with  a 
hob  spoon  or  small  ladle.  (For  the  larger  coil  the  wire 
as  it  passes  from  the  bobbin  on  which  it  is  sold  may  be 
run  directly  through  a  little  trough  of  paraffin  wax, 
kept  at  a  melting  point  by  the  aid  of  a  spirit  lamp,  as 
shown  at  fig.  5.) 

It  will  be  well  not  to  go  quite  up  to  the  washer  No.  1, 
but  to  stop  winding  within  about  ^  in.  of  this  washer. 
The  layer  having  been  paraffined  by  either  of  the  plans 
suggested,  a  strip  of  the  paraffined  paper,  sufficient  to 
go  once  round  and  lap  over  for  about  ^  in.,  is  slightly 
warmed  so  as  to  soften  the  paraffin,  and  bound  tightly 
over  the  first  layer  of  wire,  care  being  taken  to  let  the 
end  of  the  wure  which  is  still  attached  to  the  lower 
bobbin  follow  the  fold  of  the  paper  and  come  out  near 
washer  No.  1  from  under  the  paper  at  about  ^  in.  from 
the  washer.    Layer  No.  2  is  now  wound  on  in  a  precisely 
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similar  manner,  ending  at  about  i  in.  from  washer 
No.  2,  when  this  second  layer  must  be  basted  with 
paraffin  wax  in  either  of  the  ways  before  suggested,  and 
wrapped  as  previously  described  with  a  strip  of  paraffin 
paper.  In  like  manner  each  succeeding  layer  of  wire  is 
laid  on  until  the  full  proportion  of  wire,  say  |  lb.,  has 
been  coiled  on.  This  will  take  from  40  to  48  layers  per 
section,  according  to  the  neatness  of  the  winding.     At 


Fig.  5. — Basting  Wike  in  Paraffin  Wax. 


this  point  the  wire  can 
a  free  end  about  1  ft. 
trifle  the  head  nearer 
through  the  holes  in  the 
a  knitting  needle  so  as 
projecting  between  the 
then  to  be  screwed  up 
ment  to  the  terminal. 


be  cut  off  from  the  reel,  leaving 
long,  which  (by  unscrewing  a 
washer  No  1)  can  be  passed 
edge  of  the  washer,  rolled  round 
to  form  a  tight  spiral,  and  left 
washer  and  the  head  (which  is 
in  its  place),  ready  for  attach- 
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§  *21.  Tho  next  stop  is  to  wind  Bection  2.  To  do  this 
the  free  end  of  the  wire,  of  which  we  liad  passed  Jihoiit 
1  ft.  throuj^h  the  hole  in  tho  washer  No.  2,  is  untied 
from  round  the  hohhin,  ahout  ^  in.  of  its  extremity 
hand  of  its  covering,  and  soldered  to  the  heginnin^ 
wire  of  another  hohhin  of  No.  30  wire  of  suffieient  size 
to  fill  up  the  section  (ahout  5  Ih.).  Tlic  joint  must  he 
carefully  insulated.  The  space  between  washers  No.  2 
and  No.  3  is  now  dressed  with  one  turn  of  the  1  [^  in. 
parathned  paper  strip,  as  described  in  the  last  section, 
and  the  wire  wound  on  precisely  as  described,  with  all 
the  precautions  of  basting  with  paraflin,  of  perfect  con- 
tinuity, of  insulating  each  layer  with  a  turn  of  paraflin 
paper,  &c.,  but  with  this  one  important  difference — viz., 
that  in  winding  on  the  wire  the  handle  which  causes 
the  mandrel  to  turn  must  now  he  rotated  counter-clockwiae. 
If  this  were  not  done,  the  two  layers  1  and  2  w^ould  be 
wound  in  opposite  directions,  the  result  of  which  would 
be  that  the  current  in  the  one  section  would  exactly 
annul  the  current  in  the  other. 

Section  No.  2  having  thus  been  filled  in,  a  3  in. 
bight  of  the  wire  is  passed  through  the  top  hole  of 
washer  No.  3,  for  future  attachment  to  the  termination 
of  section  No.  3.  In  precisel}^  similar  manner,  but  start- 
ing with  the  inside  or  lower  hole  of  washer  No.  4,  section 
No.  3  is  to  be  wound,  the  handle  being  rotated  clockwise 
for  this  section,  and  the  ending  wire  (which  will  be  at 
the  surface)  neatly  soldered  to  the  little  bight  which 
has  been  passed  through  the  hole  in  the  edge  of  washer 
No.  3.     This  join   should  be   carefully   insulated  with 
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Prout's  elastic  or  Cliattcrton's  compound,  aiid  neatly 
tucked  under  another  turn  of  paraffined  paper.  Again 
we  make  a  join  of  a  fresh  bobbin  of  wire  to  tlie  inner 
wire  projecting  through  washer  No.  4,  and  with  all  the 
previously  described  precautions  we  wind  in  the  coils 
required  to  fill  section  No.  4,  which  requires  the  handle 
to  be  turned  counter-clock  wise.  This  will  bring  the  ire 
to  the  top  hole  in  washer  No.  5,  through  which  we  pass 
a  3  in.  end,  and  cut  off.  We  proceed  to  wind  section 
No.  5  by  passing  a  short  end  of  the  wire  through  washer 
No.  6,  and  fill  in  section  No.  5  by  winding  clochicisf  and 
then  joining  the  termination,  as  before  described,  to  the 
wire  projecting  through  the  top  hole  of  washer  No.  5. 
Lastly,  we  solder  the  end  of  the  last  f  of  a  lb.  of  wire 
to  the  end  of  the  wire  projecting  through  the  lower  hole 
in  washer  No.  6,  and,  having  insulated  it  carefully, 
proceed  to  fill  in,  as  before,  section  No.  6,  the  termina- 
tion wire  of  which  is  passed  through  the  top  hole  of 
washer  No.  7,  curled  into  a  tight  spiral  round  a  knitting 
needle,  and  left  ready  for  attachment  to  the  terminal 
which  will  afterwards  be  placed  on  the  head  near 
washer  No.  7.  It  must  be  carefully  borne  in  mind 
that,  in  order  to  ensure  the  wire  being  wound  con- 
tinuously in  one  direction,  the  handle  must  be  rotated 
clockwise  for  sections  1,  3,  and  5,  and  cowntcr-clockwise 
for  sections  2,  4,  and  6.  When  the  whole  has  thus  been 
satisfactorily  wound,  and  tested  for  continuity,  the  com- 
pleted secondary  should  be  well  basted  with  melted 
paraffin  wax,  and  the  surface  smoothed  off  with  a  warm 
iron  spatula,  until  it  stands  at  the  same  level  as  the 


88 


nADIOGUAPUY 


waHhors.  The  poHition  of  the  vuda  of  the  wire,  where 
they  pjiBS  tliroii^Oi  the  soction  diviHioii,  is  hIiowii  at 
lig.  0,  when'  for  ck'arnc.ss  im  iiichnrd  lin(>  takes  ihv 
place  of  a  complete  coil  of  wire. 

§  22.  If  the  operator  decides  to  make  the  (I  in.  spark 
coil,  ho  will  1)1'  more  likely  to  succeed  if,  instead  of 
huildiii^'  uj)  the  coil  in  seven  sections  only,  of  about  1^  in. 
space  raoli,  li(^  fills  in  oacli  of  those  spaces  with  twelve 


Z  ^  ^  S-  € 

Fig.  G-— Mode  of  Wixdixo  Sections. 

sections  wound  in  between  cheeks  of  paraffined  paper,  the 
same  size  as  the  vulcanised  fibre  washers,  each  paper  sec- 
tion having];  about  i  in.  thick  of  wire  coiled  in  it.  The  best 
way  to  coil  these  sections  is  to  procure  a  metal  collar,  a 
trifle  larger  in  diameter  than  the  ebonite  tube  of  the  coil, 
and  of  the  thickness  that  it  is  intended  the  sections 
should  be.  A  spindle  passes  through  the  centre  of  this 
collar,  and  is  supported  on  upright  standards  similar  to 
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those  of  the  winder  described  at  §  17.  The  spindle 
carries  upon  it  two  ,V  in.  brass  or  zinc  discs,  carefully 
faced  up,  which  are  hold  in  their  place  on  either  side  of 
the  collar  by  means  of  back  nuts.  These  discs  should  of 
course  be  somewhat  larger  than  the  diameter  of  the 
completed  sections.  The  collar  should  be  slif^ditly  curved 
on  one  side,  to  allow  the  wire  to  slip  ofY  easily,  after 
winding  on  ;  and  it  must  be  borne  in  mind  that  even  on 
the  side  at  which  it  is  smallest  it  still  must  exceed  the 
diameter  of  the  ebonite  tube  by  j>j  in.  or  thereabouts,  or 
else  the  coiled  section  will  not  easily  be  got  to  slip  in  its 
place  over  the  ebonite  tube.  Fig.  7  is  a  sketch  of  this 
section  winder,  showing  some  of  the  separate  parts,  as 
well  as  the  entire  device  mounted  and  at  work  ;  a 
represents  the  central  spindle  with  the  threaded  portion 
and  cranked  handle,  h  the  coned  collar,  c  the  discs, 
d  the  two  nuts.  At  e  we  have  this  winder  mounted,  / 
being  the  melted  paraffin  bath,  g  the  spirit  lamp,  and  h 
the  bobbin  of  wire  mounted  between  standards.  Things 
being  thus  arranged,  rather  more  than  1^  oz.  of  the 
wire  off  the  bobbin  //  is  coiled  into  the  space  between 
the  two  discs  of  the  winder  c.  The  wire,  naturally, 
must  be  caused  to  pass  through  the  bath  of  melted 
paraffin  wax  wdiile  the  winding  goes  on.  "When  the 
proper  amount  of  wire  has  been  wound  in,  the  wire  is 
cut  from  the  bobbin,  leaving  1  in.  or  so  free  for 
future  attachment.  A  number  of  paper  discs  (about 
144),  with  central  hole  the  same  size  as  in  the  vulcan- 
ised fibre  washers,  and  of  the  same  outside  diameter,  must 
have   been   previously  prepared  by  soaking  in  melted 
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imniiVm  wax,  anil  iruiiiii;;  oil'  iHtwiHiii  shoL'ts  (»f  l)l()tlin«^' 
papor.  The  operator  then  removes  the  spindle  from  its 
standards,  runs  ofT  i\w  nut  from  the  end  farther  from  the 
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Fio.  7. — Section  Wini>er,  Snowixo  Parts, 

crank,  and  removes  the  disc.  This  latter  may  or  may 
not  brmg  with  it  the  wound  section  of  wire.  If  it  is 
found  to  adhere  to  both  discs,  the  application  of  a  little 
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warmth  will  soften  tho  paraflin  siiflicieiitly  to  allow  tlie 
discs  to  bo  removed  without  disturbing  the  coils  of  wire. 
Having  removed  the  upper  disc,  one  of  the  paper  circlets 
is  placed  over  the  cake  of  coiled  wire,  and  tho  inner  free 
end  of  wire  having  been  drawn  through  the  central  hole, 
the  circlet  of  papers  is  lightly  ironed  with  a  warm  iron, 
so  as  to  cause  it  to  adhere  to  the  coils  of  wire  below. 
The  central  collar  should,  of  course,  have  been  removed 
by  pushing  on  the  coned  side.  The  cake  of  coiled  w^ire 
is  now  turned  over,  and  a  similai*  circlet  of  paper  laid  on 
and  ironed  over  this  side,  the  ending  wire  being  allowed 
to  lie  on  the  outside  of  this  latter  circlet.  The  requisite 
number  ^  of  paper  protected  sections  having  been  thus 
prepared,  they  must  be  joined  up  together  in  pairs.  It 
is  understood  that  in  winding  these  sections  the  operator 
has  always  wound  in  the  same  direction — say,  turned  the 
handle  docJiwise.  He  will  proceed  to  make  up  pairs  of 
sections  by  placing  two  of  the  sections  one  on  the  other, 
with  the  starting  ends  of  the  wire  close  to  each  other,  as 
shown  at  fig.  8.  So  important  is  this,  that  it  will  be  well 
to  mark  the  left-hand  circlet  of  each  separate  section  as 
it  comes  off  the  winder,  and  to  remember  that  in  joining 
up  the  pairs  these  marked  circlets  must  face  one  another. 
The  two  inner  wires  are  pulled  through  the  central  hole, 
bared,  cleaned,  and  soldered  together,  cut  oft'  rather 
short,  insulated  with  Front's  or  Chatterton's,  and  tucked 
very  carefully  in  betw^een  the  two  discs,  which  are  then 
pressed  together,  and  slipped  on  in  their  place  on  the 
ebonite  tube.  The  whole  number  of  sections  can  thus 
'  Seventy- two  if  the  seven  vulcanised  fibre  washers  are  retained. 
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\h'  joint'd  to«;etlior  in  pairs  an  (l('scril)C'(l,  wliicli  ni(;tli»)(l 
it  will  hv  noticed  Icavt'S  the  outer  ends  of  tlio  wircH  free. 
Ten  of  tlu'se  jiaper  sections  are  now  slipped  on  tho  tube 
to  make  up  the  do/X'ii,  when  a  vulcanisGd  fibre  waslier 
can  be  put  in  its  place.  A  small  hole  is  drilled  through 
the  outer  edge  of  the  libn-  washer  to  allow  of  the  passage 


Fio.  8. — II<'\v  Two  Skctioxs  are  Joined. 


of  the  wire  from  the  outside  of  the  last  paper  section. 
Care  should  be  taken  in  putting  on  the  circlets  that 
the  free  ends  of  the  wires  are  all  in  a  line  with  one 
another,  and  with  the  hole  for  terminal  in  the  cheeks, 
and  the  top  edge  hole  in  the  vulcanised  fibre  washers. 
In  putting  on  these  circlets,  and  before  actually  joining 
their  outer  wires  together  with  solder,  while  they  are 
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only  bared  and  twisted,  it  will  be  well  to  put  tbc  primary 
and  core  in  tbe  tube,  and  try  by  means  of  a  battery  and 
contact  breaker  wbetlier  the  spark  increases  with  the 
increase  of  the  number  of  sections,  as  it  should  do. 
Any  mistake  in  connection  and  any  defect  in  construc- 
tion will  soon  become  evident  under  this  test,  and  the 
defective  coil,  or  pair  of  coils,  easily  located,  and  replaced 
by  sound  ones. 

The  outer  ends  of  the  wires  from  each  adjoining  pair 
of  sections  (with  the  exception  of  the  first  and  last, 
which  of  course  go  to  their  respective  terminals)  should 
now  be  twisted  together,  soldered,  cut  short  and  insulated, 
and  finally  tucked  neatly  between  the  paper  of  each  pair 
of  sections.  -The  whole  should  then  be  thoroughly  basted, 
as  before  directed,  with  hot  paraffin  wax,  so  as  to  form 
one  compact  cylinder,  of  the  diameter  of  the  vulcanised 
fibre  washers. 

§  23.  The  operator  will  now  proceed  to  the  condenser. 
For  this  purpose  he  will  choose  the  requisite  number  of 
sheets  of  good  demy  paper,  and  having  cut  them  to  the 
size  specified  in  the  table,  he  will  examine  them  one  by 
one,  by  holding  between  his  eye  and  a  strong  light, 
and  reject  all  such  as  show  even  the  minutest  puncture 
or  imperfection.  He  will  then  run  them,  sheet  b}^  sheet, 
through  a  bath  of  hot  melted  paraffin  wax,  then  hold  up 
diagonally  by  one  corner,  to  allow^  as  much  as  possible  of 
the  wax  to  drip  ofif  at  one  corner,  after  which  he  will  lay  it 
across  a  line  to  cool.  Should  he  have  been  successful  in 
getting  a  pretty  even  coating,  without  ridges  or  super- 
fluity of  wax,  nothing  farther  need  be  done  to  the  sheets, 
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hill  uiiy  lliiit  lire  unduly  thick,  <>r  ar«-  unr\<'nly  coatod, 
Hhouhl  he  phicoil  ht'twieii  two  kIiocIs  of  white  blotting 
paper,  iiiul  passed  over  with  a  hot  iron.  The  paper 
having  hoiMi  thus  prepared,  tlie  sheets  of  tinfoil  are  now 
cut,  also  an  (Mpial  nuniher  of  strips  of  tinfoil,  about 
1  in.  wide  and  1  in.  long.  Two  sheets  of  stout  glass  of 
the  same  size  as  the  paraihned  papers  are  now  procured. 
One  of  these,  after  having  been  cleaned,  is  laid  on  the 
operating  table,  and  a  sheet  of  paraflhied  i)aper  placed 
upon  it.  On  this  is  laid  a  sheet  of  tinfoil,  centrally,  so 
as  to  leave  an  eipial  margin  all  round.     On  the  tinfoil 
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Fio.  9.— Condenser  in  Formation. 


is  placed  one  of  the  long  strips,  so  arranged  as  to  touch 
the  tinfoil  and  to  extend,  on  the  right,  for  about  a 
couple  of  inches  beyond  the  paraffined  paper.  Another 
sheet  of  paraffined  paper  is  now  laid  over  this,  on  which 
a  second  sheet  of  tinfoil  with  its  strip  is  also  placed ; 
but  this  time  the  strip  must  be  placed  to  the  left,  and 
project  2  in.  to  the  left.  Proceeding  in  this  manner  — 
viz.,  paraffined  paper — tinfoil — tinfoil  strip  to  the  right 
— paper — tinfoil — tinfoil  strip  to  the  left — a  pile  of  paper, 
tinfoil  sheets,  and  strips  is  built  up,  until  the  required 
number  has  been  used  up.     A  sheet  or  two  of  paraffined 
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paper  are  then  added,  over  which  the  other  glass  plate 
is  placed,  and  the  whole  bound  round  with  a  binding  of 
tape.  The  disposition  of  the  alternate  sheets  of  paper 
and  tinfoil  is  shown  at  fig.  9,  and  the  appearance  of 
the  completed  condenser  at  fig.  10.  It  will  greatly 
improve  the  condenser  if  now  the  strips  at  either 
extremity  be  folded  neatly  over  the  upper  glass,  the 
condenser  placed  standing  on  a  small  square  block  of 
wood  in  a  rather  large  dish,  with  a  4  lb.  weight  on 
its  upper  surface,  and  then  put  in  a  moderately  warm 
oven,  so  as  to  melt  out  any 
excess  of  paraffin  that  there 
may  be  between  the  papers. 
When  this  has  taken  place  the 
condenser  may  be  withdrawn, 
and  will  be  ready  for  use  when 
cold.  iS^^z^m 


Fig.  10. — Completed  Condensek. 


Fig.  11. — Contact-Breakek. 


§  24.  The  contact  breaker  next  claims  attention.  The 
great  point  to  be  aimed  at,  in  order  to  produce  a  good 
long  spark,  is  certainly  a  sufficiently  long  contact  to 
enable  the  iron  core  to  be  magnetised  to  the  full.  For 
small  coils,  the  ordinary  hammer  ^Yith  spring  and 
adjusting  back  nut  as  shown  at  fig.  11,  in  conjunction 
with  a  platinum-tipped  screw  on  pillar,  will  be  found 
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to  give  satisfaction  ;  but  with  larger  coils,  either  the 
AppB  '  form,  of  wliich  a  ^'ood  ilhiHtration  is  given  at 
fig.    V2,  or  the  '  \'ril  *  will   l)o  found   more  Batisfactory. 
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Fio.  12.— Arps'  Coxtact-Breaker. 

at  Fig.  13  is  illustrated  the  *  Vril  *  contact  breaker.     It 
will  be  seen  that  there   are  two  springs,  one  carrying 

'  It  may  be  well  to  mention  that,  owing  to  the  design  and  careful 
construction  of  the  Apps  contact  breakers,  they  will  work  within  the  whole 
range  of  the  applications  to  which  the  coil  can  be  put.  For  instance,  with 
a  10  in.  spark  Apps  patented  coil,  the  length  of  the  spark  can  be  regulated, 
%\ithout  altering  the  battery  or  source  of  current,  from  \  in.  to  nearly 
12  in.  in  less  than  one  second.  The  quickness  of  the  break  is  exactly 
adjusted  to  the  best  point.  Very  erroneous  ideas  were  prevalent  as  to 
the  nature  of  the  break  of  current ;  and,  to  verify  the  practical  limits  of 


THE  INDUCTION  COIL 


47 


tlio  iron  head,  with  a  double-cranked  extension,  c,  and 
the  other  bearing  the  platinum  Htud.  'I'his  latter  in  the 
one  through  which  the  current  passes  from  the  plati- 


FiG.  13. — '  Vkil  '  Contact-Bkkakeu. 

num-tipped  screw,  at  f,  and  it  is  not  until  the  clapper 
head  has  travelled  through  a  certain   distance,  which 

utility,  about  twenty-five  years  ago  Mr.  Apps  designed  and  constructed 
for  the  late  Mr.  H  C.  Baines,  of  Pembroke  College,  a  wheel  brake,  with 
wedge  and  lever  action,  capable  of  breaking  the  primary  circuit  in  any 
time  from  1  second  up  to  J,-,  part  of  a  second.  The  experiments  were 
of  an  exhaustive  character,  and  finally  determined  the  degree  of  sudden- 
ness, which  has  been  adopted  in  the  contact  breaker  now  made  by 
Mr.  Apps. 
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can  1)1'  iDUtrollcd  to  a  nifcty  \)\  tlu;  hciuw  i>,  that  cuntact 
is  hioki'ii,  by  the  piece  c  catching  the  top  end  of  the  con- 
tact spring,  anil  piiUing  it  away  from  f.  Ilonce  the  coil 
core  has  plenty  of  time  to  get  magnetised,  and  yet  the 
break,  when  it  does  occur,  is  a  clean  and  sharp  one. 
A  modification  with  double  spring,  which  has  given 
good  results  in  the  author's  hands,  is  shown  at  tig.  14. 
This  consists,   virtually,    of  an   Ai)ps   contact  breaker 

with  a  second  and  rather  stiff 
spring  attached  to  the  spring 
which  carries  the  hammer 
head,  and  on  the  back  of  this 
second  spring,  opposite  the 
contact  screw,  is  placed  the 
platinum  contact.  Whatever 
form  of  contact  breaker  be 
adopted,  it  is  essential,  in  view 
of  the  large  current  which  it 
has  to  transmit,  as  well  as 
the  self-induction  spark  which 
even  the  best  condenser  does 
not  entirely  do  away  with,  that  the  platinum  contacts 
themselves  should  be  very  heavy,  and  if  possible 
surrounded  by  a  considerable  mass  of  good  conducting 
metal.  For  this  reason  the  platinum  points  themselves 
should  be  of  not  less  than  No.  14  B.AV.G. ;  and  in  the 
case  of  the  spring,  if  this  is  embedded  in  a  boss  of  silver 
of  rather  over  \  in.  in  diameter,  the  likelihood  of  the 
platinum  points  welding  together  is  greatly  diminished. 
§  25.  A  necessary  piece  of  apparatus  in  connection 


Fio.  14.— Dori'.LE  Spking 
Contact-Bkeakek. 
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with  these  large  coils  is  the  commutator^  or  current 
reverser,  which  enables  us  at  will  to  cut  off  or  reverse 
the  direction  of  the  current  sent  from  the  battery  through 
the  primary  of  the  coil,  and  consequently  to  stop  or 
reverse  the  direction  of  the  main  flow  of  the  induced 
current  in  the  secondary.  A  very  usual  form  of  com- 
mutator is  shown  at  fig.  15.    It  consists  of  a  cylinder 


Fig.  15. — Commutator. 

of  ebonite,  or  other  good  insulator,  mounted  between  two 
metal  standards  which  can  be  placed  in  circuit  with  the 
battery.  Each  end  of  the  cylinder  is  fitted  with  a  metal 
head  of  the  same  diameter,  and  a  tongue  of  metal  in 
connection  with  these  heads  is  let  in  at  opposite  sides  of 
the  ebonite  cylinder,  reaching  not  quite  to  the  opposite 
head.  In  other  words,  each  head  has  a  tongue  bent  at 
right  angles  to  itself,  embedded  in  the  periphery  of  the 

E 
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cylinder  at  opposite  cliainoters.  Two  springs  are  fastened 
on  the  base,  in  sucli  a  position  as  to  press  against  the 
cheeks  of  the  fvhndcr.  A  small  handle  or  thumb  nut 
is  attached  to  the  shaft  on  tlic  outside  of  one  of  the 
standards,  in  order  to  enable  the  operator  to  rotate  the 
cylinder,  and  thus  bring  either  the  metal  strips  or  the 
plain  ebonite  in  contact  ^vith  the  springs.  It  must  be 
borne  in  mind  that  the  spindle  or  shaft  which  supports 
the  ebonite  roller  must  be  in  two  separate  pieces,  not  in 
contact  //■////  one  (mother,  but  in  good  electrical  contact 
with  their  respective  heads.  It  will  be  evident  that  if  the 
two  poles  of  a  battery  are  connected  to  the  terminals  in 
connection  with  the  trunnions,  while  the  outer  circuit  is 
connected  to  the  binding  screws  attached  to  the  lateral 
springs,  no  current  will  pass  so  long  as  the  cylinder  stands 
as  shown  in  the  cut.  If,  however,  the  handle  be  turned 
to  the  right,  the  upper  brass  cheek  will  be  brought  into 
contact  with  the  right-hand  brass  spring,  while  the  lower 
brass  cheek  will  be  brought  into  contact  with  the  left-hand 
spring,  the  current  flowing  from  the  front  terminal  will  pass 
along  the  right  cheek,  down  the  right-hand  spring  to  the 
outer  circuit,  returning  by  the  left-hand  terminal  through 
the  left-hand  spring,  and  left-hand  cheek  down  the  farther 
standard  and  terminal  (wliich  is  not  visible  in  our  cut). 
If  the  handle  is  turned  to  the  left,  so  that  the  upper 
cheek  touches  the  left-hand  spring,  the  current  will  flow 
in  the  opposite  direction  in  the  outer  circuit.  This  form 
of  current  reverser  serves  at  once,  therefore,  as  a  two- 
way  switch  and  as  an  interrupter  or  rheotome. 

§  26.  The  base  or  stand,  of  the  dimensions  already 
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given,  should  be  made  of  well-seasoned  mahogany,  care- 
fully morticed  together,  and  should  not  be  less  than  |  in. 
thick.  It  should  be  well  polished,  as  this  renders  it  a 
better  insulator.  The  space  in  the  bottom  should  be 
sufficiently  deep  to  take  the  condenser  ;  and  four  wooden 
blocks  should  be  glued  into  the  inside  corners,  on  which 
the  thin  board  which  forms  the  false  bottom  may  rest, 
and  be  screwed.  A  sketch  of  the  inside  of  this  base  and 
the  covering  which  forms  the  false  bottom  is  shown  at 
fig.  16. 


Fig.  16. — False  Bottom  in  Base  for  Coil. 

§  27.  The  relative  positions  of  the  coil  parts  and 
condenser  on  and  in  the  base  are  shown  sectionally  in 
our  fig.  17.  To  avoid  confusion  the  two  battery  terminals 
are  placed  in  a  line  one  with  the  other,  instead  of  one 
behind  the  other  ;  also  the  commutator  is  shown  farther 
from  the  contact-breaker  than  is  really  the  case,  it  is 
generally  placed  at  one  side  of  it.  Before  finally 
mounting  the  coil,  when  the  heads  have  been  screwed  in 
their  place,  the  secondary  terminals  put  in,  and  the  two 
ends  of  the  secondary  wire  connected  thereto,  the  entire 
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coil  sliouKl  1)0  onvclopod  witli  one  turn  uf  thin  sheet 
ebonite,  the  edj^es  of  which  jufit  hip  Inlow,  and  holes 
haviufj  been  made  at  suitable  distance  along  the  edges 
with  a  hot  wire,  the  roll  can  he  drawn  tight  by  lacing 
together  through  these  holes  with  a  piece  of  strong  silk 
twist.  This  forms  a  good  insulating  covering  for  the 
whoU',  and  one  which  is  easily  removed  if  it  should  be 
desirable  at  anv  time  to  examine  the  secondary. 


I'la.  17. — Kelativi:  Positions  or  Coil  and  Coxdenseu. 


§  28.  There  is  one  point  to  which  it  is  desirable  to 
draw  the  reader's  attention,  and  that  is,  that  some  brands 
of  paraffin  contain  free  acid,  which  not  only  lowers  the 
insulating  property,  but  is  very  apt  to  rot  the  copper 
wire.  To  remedy  this  state  of  things  it  will  be  wise,  as 
suggested  by  Mr.  Reynolds  in  the  *  English  Mechanic  ' 
for  September  3,  1897,  to  roast  some  powdered  chalk  to 
dull  redness,  and  add  this  to  the  melted  paraffin  wax,  in 
the  proportion  of  about  1  oz.  to  the  lb.  The  clear  wax 
should  then  be  strained  off  from  the  chalk.  This  will 
effectually  neutralise  any  free_acid. 
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CHAPTER   IV 

ON    THE    CHOICE    OF    SOURCE    OF    CURRENT 

§  29.  The  sources  from  which  to  obtain  the  current 
necessary  to  actuate  the  coil  next  demand  attention. 
These  are  usually  :  first,  batteries ;  secondly,  accumu- 
lators ;  thirdly,  dynamos  giving  either  direct  or  alter- 
nating current.  Of  batteries  there  is  none  at  once  so 
trustworthy  and  convenient  as  the  chromic  acid  cell,  with 
single  zinc  and  two  carbon  plates  ;  or  better  still,  with  a 
stout  central  zinc  rod,  surrounded  by  a  perforated  carbon 
cylinder.  As  the  operator  may  be  desirous  of  constructing 
his  own  battery,  a  brief  description  is  given  here  which 
will  enable  him  to  make  up  such  a  cell,  of  which  from 
six  to  eight  will  be  required  to  work  the  above-described 
coils  to  perfection.  Having  procured  the  requisite 
number  of  perforated  carbon  cylinders  (which  are  stock 
articles  with  some  electricians),  size  about  7  in.  long  by 

3  in.  in  diameter,  he  will  procure  an  equivalent  number 
of  good  glazed  stoneware  jars  (Westall's  salt  jars  or  21b. 
plum  jam  jars  will  do  if  nothing  else  is  available)  of  about 

4  in.  inside  diameter,  and  from  G  in.  to  6^  in.  in  insight. 
He  will  also  require  an  equal  number  of  stout  round  zinc 
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rodn,  about  7  in.  long  and  from  J  in.  to  1  in.  in  (]iamoter, 
fitted  with  a  stout  wire  at  top  for  futuro  connection  to 
terniiniils.  Thcso  zincs  must  l>c  well  jinial^aniiitod.  The 
next  operation  is  to  solder  a  thin  sheet  copptjr  slraj)  ahout 
J  in.  wide  nunid  the  top  od^'e  of  each  carljon  cyhiider, 
and  then,  with  a  i  in.  drill,  to  drill  two  holes  at  opposite 
points  in  the  diameter,  very  cautiously  so  as  not  to  break 
the  carbons,  right  throu;^'li  ilic  copper  collar  and  carbon 
cylinder.  Six  wooden  caps  must  now  l)e  turned  up. 
These  should  be  about  1  in.  thick,  and  ol"  tli(!  same 
diameter  as  the  outside  of  the  carbon  cylinders.  They 
should  be  turned  down  for  al)out  A  in.  of  their  thickness, 
so  as  to  enter  freely  into  their  carbon  cylinders,  to  which 
they  will  form  a  kind  of  lid.  After  having  been  duly 
turned  u[)  and  sandpa))ered,  and  a  central  hole  put 
through  each  to  admit  the  stout  wire  attached  to  the 
zincs,  these  wooden  covers  should  be  boiled  in  melted 
paratlin  wax,  until  no  bubbles  rise.  They  may  then  be 
taken  out  to  drain  and  cool.  When  cold  the  wire  from 
the  zincs,  having  been  cleansed,  straightened  and  tapped 
with  a  screw  thread  to  fit  a  suitable  female  screw  nut, 
is  passed  through  the  central  hole  of  the  wooden  cover 
and  cut  off  at  about  1  in.  from  the  top  thereof,  and  the 
nut  then  run  down  to  fasten  the  zinc  in  its  place.  The 
carbon  cylinder  is  now  litted  with  this  lid,  with  the 
copper  strap  uppermost,  i.e.  at  the  same  end  as  the  lid, 
and  fastened  thereto  by  means  of  two  rather  long  ^  in. 
bra^s  wood  screws  with  round  heads.  Under  the  head 
of  o.  '^  of  these  screws  in  each  cylinder  must  be  fastened 
a  thin  copper  strip  about  ^  in.  wide  and  5  in.  long  to 
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serve  as  connection  to  zincs,  or  to  outer  circuit.  The 
battery  is  now  virtually  coniploto  ;  but  if  desired,  for 
greater  convenience,  the  cells  may  be  fitted  in  a  long 
narrow  wooden  tray,  wide  enough  inside  to  take  one  of  the 
jars  and  long  enough  to  take  the  six  or  eight  which  it 
may  be  intended  to  use.  From  the  two  extreme  sides  of 
this  tray  should  arise  two  standards,  about  twice  the 
height  of  the  jars,  across  which  should  play  a  long  straight 
iron  rod  fitted  at  one  end  with  ratchet  and  pawl,  and  at 


Fig.  18. — Batteby  in  Tuay. 


the  other  with  a  cranked  handle.  A  strip  of  hard  wood 
nearly  as  long  as  the  space  between  the  two  standards, 
I  in.  thick  and  2  in.  wide,  is  now  procured,  and  after 
being  paraffined  has  a  sufficient  number  of  ^  in.  holes 
drilled  through,  at  equal  distances  along  the  central  line, 
to  allow  the  threaded  wires  arising  from  the  zincs  to  slip 
through.  The  nuts  (having  been  previously  removed 
from  the  covers)  are  in  this  case  run  down  on  to  the 
transverse  strip  of  wood  itself.     This  enables  the  whole 
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set  of  carbons  and  zincs  to  be  removed  from  or  plunged 
into  the  acid  in  the  jars  at  once.  A  couple  of  metal  eyes 
screwed  into  the  centre  of  the  wooden  strip  at  each 
extremity,  to  which  are  fastened  a  couple  of  pieces  of 
cat«;ut  attached  to  the  metal  rod  lying  across  the 
standards,  complete  the  necessary  arrangement,  which 
is  shown  at  tig.  18,  in  which  the  cells,  carbon,  &c.,  are 
shown  in  section  to  avoid  confusion.  For  working  the 
afore-described  coils,  these  cells  should  be  joined  up  in 
series — that  is  to  say,  the  zinc  of  the  one  cell  should  be 
connected  to  the  carbon  of  the  next  by  means  of  the 
copper  strip,  and  so  on,  the  first  carbon  and  the  last 
zinc  forming  the  terminals  which  are  to  be  connected  to 
the  coil.  The  best  solution  for  exciting  this  form  of 
battery  is  certainly  one  containing  chromic  acid,  and  the 
following  recipe  will  be  found  satisfactory  both  as  regards 
efficiency  and  lasting  eflfects  :  — 

Cliromic  acid o  parts  by  weight 

Water 20  parts  by  measure 

Sulphuric  acid  (sp.  gr.  ry4o)  .  3  parts  by  measure 

Potassium  chlorate  .         .         .     ^  part  by  weight 

Owing  to  the  action  of  the  sulphuric  acid  on  the 
water,  this  solution  becomes  hot  on  first  mixing.  It 
must  not  be  used  until  cold,  and  care  must  be  taken  to 
pour  the  sulphuric  acid  in  a  fine  stream  i)ito  the  icateVy 
and  not  vice  versCi^  otherwise  an  explosion  may  take 
place,  due  to  the  sudden  evolution  of  steam. 

§  30.  Accumulators  are  another  convenient  source  of 
current  for  working  coils  ;  and  as  usually  the  duration 
of  each  experiment  is  not  great,  it  is  not  necessary  to 
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have  very  large  cells.  Owing  to  the  difficulty  of  *  forming ' 
the  plates,  it  is  not  advisable  for  the  operator  to  make 
them  himself,'  and  it  is  strongly  recommended  that  he 
should  procure  six  or  eight  cells  of  the  7-plate  Q  type 
made  by  the  E.  P.  S.  Co.,  which  have  a  capacity  of  about 
21  ampere  hours.  To  use  these  cells,  the  cells  should  be 
filled  to  about  i  in.  over  the  level  of  the  plates,  with 
dilute  brimstone  sulphuric  acid,  sp.  gr.  1-190.  The 
cells  should  then  be  put  in  series,  and  charged  from  a 
suitable  dynamo  until  the  sp.  gr.  rises  to  1*22.  This 
can  be  ascertained  by  means  of  a  hydrometer.  The 
charging  current  for  the  Q  type  cells  need  not  exceed 
4  amperes,  and  if  eight  cells  are  coupled  up  in  series  the 
E.M.F.  of  the  d\T3amo  need  not  exceed  20  volts.  There 
are  a  few  precautions  connected  with  the  management 
of  accumulators,  the  observance  of  which  will  greatly 
conduce  to  their  maintenance  in  working  order.  First,  an 
accumulator  should  never  be  short  circuited,  as  the 
sudden  discharge  which  would  take  place  would  buckle 
the  plates  and  dislodge  the  paste.  Secondly,  the 
discharge  from  the  cells  should  be  limited  to  about  2^ 
amperes  per  plate.  Thii'dly,  no  cells  should  be  allowed  to 
remain  discharged — that  is  to  say,  indicate  a  less  voltage 
than  1*9,  or  a  lower  sp.  gr.  of  acid  than  1*15,  for  more 
than  two  days.  Fourthly,  if  by  any  chance  the  cells  have 
been  allowed  to  run  down,  and  white  patches,  due  to 
'  sulphatmg,'  show  themselves,  the  best  remedy  is  con- 

'  In  case  the  student  should  be  desirous  of  trying  his  hand  at 
making  his  accumulators,  he  will  find  full  instructions  in  the  author's 
Electrical  Instrument-making  for  Amateurs. 
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tiiuious  ro-cbarging,  and  the  additic^n  of  about  }  of 
Bodium  sulphate  to  every  part  of  strong  sulphuric  acid 
originally  ouiployod  in  making  up  the  solulion.  Fiftlily, 
to  avoid  electrical  leakage,  the  greatest  care  must  be 
used  to  keep  the  outside  of  tlie  individual  c(;lls  free  from 
the  condensation  of  moisture,  and  tills  ol)jcct  may  be 
attained  by  wiping  over  the  outside  of  the  cells  with  a 
rag  smeared  with  vaseline,  or  by  standing  the  cells  on 
glass  strips.  Sixthly,  in  mixing  the  acid  solution  for  an 
accumulator,  care  is  required  to  avoid  accident.  The 
strong  acid  must  be  very  gradually  poured  into  the 
water  to  avoid  splashes,  and  a  too  sudden  rise  of  tempe- 
rature.    The  water  )niist  never  he  poured  into  the  arid. 

§  81.  The  employment  of  a  dynamo  for  working 
a  coil,  unless  the  dynamo  be  specially  constructed  for 
the  work,  is  hardly  to  be  recommended.  A  continuous 
current  dynamo,  with  armature  of  the  ring  or  drum 
type,  with  ;i  many-part  commutator,  and  having  an 
E.M.F.  of  al)Out  10  volts,  and  capable  of  delivering  a 
current  of  from  11  to  20  amperes,  would  work  eitlier  of  the 
above-mentioned  coils  well ;  and  it  would  be  advisable  to 
have  in  coiniection  with  it  a  switch  to  cut  off  the  current, 
and  a  gi-aduated  resistance  in  order  to  be  able  to  regulate 
the  amount  of  current  sent  through  the  coil,  and  thus 
obtain  the  best  results  without  endangering  the  insulation 
of  the  coil.  Such  a  dynamo  would  require  about  ^  h.  p. 
to  drive,  and  would  be  found  perfectly  satisfactory  in 
practice.  It  would  not  be  advisable  to  emj^loy  the 
ordinary  dynamos  used  for  lighting,  since  usually  their 
voltage  is  much  too  high,  so  that  without  a  proper  sliding 
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resistance,  the  value  of  which  would  have  to  be  ascertained 
by  testing  the  voltage  of  the  dynamo  and  the  resistance 
of  the  primary  of  coil,  there  would  be  great  risk  of  breaking 
down  the  insulation  of  the  latter. 

§  32.  It  is  i)ossiblc  and  sometimes  convenient  to  work 
a  coil  with  a  current  supplied  by  an  alternating  dynamo. 


Fk;.  I'J. — Tesla  Transformei;. 


In  this  case  the  clapper  or  vibrating  hammer  must  be 
retained  against  the  contact  screw  by  placing  a  slice  of 
cork,  of  sufficient  thickness,  between  the  hammer  head 
and  the  coil  core.  It  is  even  more  essential  in  using  an 
alternating  current  that  a  sufficient  resistance  should 
be  used  in  circuit  wuth  the  dynamo  and  coil  than  is  the 
case  when  a  continuous  current  dynamo  is   employed. 
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Personally,  the  author  has  never  found  the  alternating 
dynamo  vury  satisfactory  when  used  in  conjunction  with 
the  coil.     'I'liis  is   prohahly  due    to    the    fact    tliat    the 
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alternations,  instead  of  being  clean  and  sharp,  as  repre- 
sented graphically  hy/'\y^\X\y\y\,  partake  more  of 
an  undulatory  character,  as  shown 
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§  33.  There  is,  however,  a  niodificatiDn,  or,  to  speak 
more  exactly,  an  addition  to  the  ordinary  coil,  known  as 
the  *  Tesla  *  transformer,  which  may  be  used  in  con- 
junction with  the  alternating  current  dynamo,  that  gives 
fairly  good  results.  AVo  present  illustrations  of  two 
forms  of  *  Tesla  '  apparatus  at  figs.  1!),  20,  and  21.     These 


Fig.  21.-  Tesla  Transformer. 

latter  are  constructed  specially  to  run  off  the  ordinary 
*  alternating  '  street  mains.  The  following  instructions 
may  be  useful  to  those  intending  to  try  this  latter  form 
of  '  Tesla '  as  a  source  of  electricity  for  working  the  tube. 
First,  the  large  box  containing  the  '  Tesla  '  coil  must  be 
filled  with  mineral  oil  to  within  ^  in.  of  the  top  of  the 
stoneware  lining.     The  whole  should  then  be  allowed  to 
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stuMcl  for  three  or  four  liours,  to  enable  the  oil  to  penetrate 
and  (lisplaee  any  moisture  wliicli  may  have  settled  on  the 
windin;^  ;  seeondly,  the  small  hox  eontainin;^  the  step-up 
transformer  must  also  be  filled  up  with  the  same  quality 
oil,  until  it  begins  to  How  over  the  wooden  cover  under 
the  primary  windinj^;  thirdly,  to  connect  up,  the  street 
mains  are  to  be  coupled  to  the  terminals  on  the  smaller, 
or  step-up  transformer,  as  follows  :   for  wc^akest  power, 
terminals  1  and  4  ;  for  intermediate,  terminals  2  and  4  ; 
for  stron«;est,  terminals  W  and  4.     The  terminals  1,  2, 
and  3  should  never  be  used  with  each  other  ;  fourthly, 
the  wires  from  the  step-up  transformer  are  to  be  con- 
nected   to   the   terminals    fixed    on    the    flat    ebonite, 
immediately  under  the  spark-gap  of  the  *  Tesla.'     The 
end  of  the  spark-gap  discharger  should  stand  about  tj\ 
in.  apart   at  the   commencement,  and   the  distance  be 
gradually  increased  till  the  full  effects  are  obtained.    It 
must  be  particularly  noted  that  the  step-up  transformer 
can   only   l)e  used   (within  very  small  limits)   for   that 
particular  voltage  and  periodicity  for  which  it  has  been 
constructed.     If  used  on  a  lower  periodicity  the  primary 
winding  outside  the  oil  will  become  hot,  but   no  danger 
need  be  apprehended  to  the  fine  winding  in  the  oil,  until 
the  oil  itself  becomes  quite  hot.     A  great  deal  of  differ- 
ence of  opmion  appears  to  prevail  as  to  the  value  of  the 
Tesla  apparatus  for  X  ray  work.     Some  operators  appear 
to  have  been  very  successful  with  it,  while  others  record 
nothing  but  failures.    It  would  appear  that  the  difference 
of  result  obtained  depends  largely  on  the  frequency,  or 
otherwise,  of  the  alternations  ;  for  there  is  no  doubt  that 
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a  great  deal  of  the  penetrative  power  of  the  rays  set  up 
depends  upon  the  frequency  and  cleanness  of  the  oscil- 
lations. In  fact  the  author  has  seen  cases,  in  which,  by 
means  of  special  devices,  the  oscillation  rale,  having  been 
considerably  heightened,  substances  which  are  com- 
paratively opaque  to  the  ordinary  X  rays  (such  as  bone) 
have  become  fairly  transparent.  This  effect,  however, 
is  accompanied  by  the  converse,  viz.  certain  substances 
which  are  transparent  to  the  ordinary  X  rays  become 
partially  or  totally  opaque  to  the  modified  rays. 
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CHAPTER  V 

CROOKES'    TUBES  I     STANDS 

§  :M.  The  forms  given  to  and  the  niotlcs  of  construct- 
ing the  high  vacuum  tubes,  which  are  employed  for  the 
production  of  the  X  rays,  are  very  numerous,  and  vary 
with  the  appUcation  to  which  they  are  to  be  put. 
Essentially  the  tube  consists  in  a  glass  bulb  containing 
one  platinum  anode,  and  one  or  more  aluminium,  or 
platinum  faced  aluminium  cathodes,  at  opposite  ex- 
tremities of  the  tube,  these  anodes  and  cathodes  being 
respectively  connected  to  loops  or  terminals  on  the 
outside  of  the  tube,  by  means  of  platinum  wires  encased 
in  glass,  which  are  fused  into  the  main  tube,  or  bulb, 
during  the  process  of  blowing.  Some  makers,  with  a 
view  to  being  able  to  regulate  to  some  extent  the  degree 
of  vacuum  in  the  tube,  introduce  a  piece  of  palladium 
in  an  extension,  also  of  glass,  attached  to  the  main  bulb. 
In  this  case  the  bulb  is  filled  with  hydrogen  gas  previous 
to  exhaustion,  so  that  the  vacuum  is  really  a  hydrogen 
vacuum  ;  in  other  words,  what  little  gas  is  left  in  the 
tube,  after  exhaustion  has  been  carried  as  far  as  desirable, 
is  hydrogen.     Palladium  has  the  peculiar  property  of 
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absorbing  or  *  occluding '  960  times  its  own  bulk  of 
hydrogen  gas  at  ordinary  temperatures,  which  is  given 
off  on  the  application  of  heat ;  so  that  by  warming  that 
portion  of  the  bulb,  or  its  prolongation  in  which  the 
palladium  lies,  the  vacuum  can  be  lowered  to  some 
extent.  The  tube  is  exhausted  of  its  contained  air  or 
hydrogen  by  means  of  a  Sprengel,  Fluess,  or  similar  air 
pump,  until  the  vacuum  is  equivalent  to  2  millimetres 
in  the  barometer.  We  present  the  reader  with  an 
illustration  at  fig.  22  showing  the  more  generally  useful 
forms  of  tubes.  No.  1  is  the  old  form  of  Crookes'  tube, 
in  v^hich  the  rays  impinge  directly  upon  the  glass  or 
screen,  without  the  intervention  of  a  reflector.  Nos.  2, 
3,  4,  6,  7,  10,  11,  12,  13,  14,  17,  18,  20,  21,  24,  26,  28, 
32,  are  of  the  same  type,  the  modifications  being  simply 
structural.  Nos.  5,  8,  9,  15,  16,  22,  23,  25,  27,  29,  30, 
and  31  are  tubes  of  the  modern  '  focus  '  type,  in  which 
the  platinum  anode  takes  the  shape  of  a  reflector,  and 
thus  throws  the  rays,  starting  from  the  cathode,  in  any 
desired  direction.  No.  2  represents  a  form  of  tube 
which  is  used  when  it  is  desired  to  cause  a  movement 
of  the  cathode  stream  by  means  of  a  magnet.  The 
concave  cathode  in  No.  3  is  brought  very  near  the  glass, 
so  that  its  focus  is  really  on  the  outside  of  the  tube. 
No.  4  shows  a  tube  with  a  cathode  which  can  be  revolved 
in  a  plane  at  right  angles  to  its  own  face.  No.  5  is 
furnished  with  two  cathodes,  and  the  rays  from  them 
are  reflected  from  a  platinum  anode.  In  No.  6  we  have 
a  tube  in  which  the  anode  is  formed  of  an  aluminium 
disc,  which,  it  is  stated,  is  transparent  to,  and  is  tra- 
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versed  by  the  catliode  rays.  The  advantapjoH  of  tliis 
arrangement,  however,  are  not  very  evident.  In  No.  7 
as  in  No.  5  two  cathode  streaniH  are  utihsed.  No.  9 
and  a  modification  of  it,  wliich  will  be  dcHcrilu'd  and 
figured  hiter  on,  lias  two  anodes,  one  of  them  a  platinum 
cone,  which  rellects  the  cathode  rays.  The  tube  shown 
in  No.  10  is  said  to  be  especially  useful  with  currents  of 
high  frc(iuencv.  It  is  uni-])olar  and  has  an  external 
anode.  As  far  as  the  author's  personal  experience  goes,  this 
tube  is  of  no  practical  use  for  radiography  or  for  screen 
work,  as  the  glass  soon  becomes  perforated  at  the  part 
where  the  external  anode  is  placed.  No.  11  has  pointed 
poles,  either  of  which  may  be  used  as  the  catliode.  This 
is  not  a  form  to  be  recommended.  In  No.  12  we  have  a 
platinum  cathode  covered  on  its  convex  side  by  a  glass 
insulator,  the  idea  being  to  reduce  the  loss  of  radiation, 
but  it  seems  very  doubtful  whether  the  glass  capping 
has  any  such  effect.  No.  13  is  a  good  form  of  tube  for 
fluorescent  screen  work,  but  owing  to  the  fact  of  its 
having  no  reflecting  anode  it  requires  a  very  high 
E.M.F.  to  give  satisfactory  results.  No.  14,  like 
No.  10,  is  uni-polar,  having  the  cathode  in  the  tube 
and  the  anode  outside.  The  observations  made 
with  reference  to  No.  10  apply  also  to  this  tube. 
No.  15  has  a  cathode  on  each  side  of  the  anode, 
and  the  design  of  this  form  is  to  enable  two  photo- 
graphs to  be  taken  at  once  by  the  reflection  of  the 
rays  from  the  cathode  on  either  side.  This,  to  say  the 
least  of  it,  is  a  very  doubtful  advantage,  since  it  is 
impossible  to  place  the  same  body  on  both  sides  of  the 
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tube  at  the  same  time,  and  vt;ry  unlikely  that  two  boclicB 
will  be  re(|uireil  to  bo  radioj^raplud  at  tho  name  time 
from  the  same  tube,  under  i)reciseiy  the  same  conditions 
of  expobure,  iVe. 

In  No.  IG  we  have  a  tube  which  is  designed  to  throw 
the  cathode  rays  in  an  annular  reflection,  there  being 
a  circular  disc  for  the  cathode,  and  a  hollow  cone  of 
platinum  as  the  anode  in  its  centre.  It  is  sometimes 
desirable  to  investigate  the  action  of  the  cathode  rays 
upon  different  substances  inserted  close  to  the  point  of 
emission.  No.  17  represents  a  tube  constructed  for  this 
purpose.  The  substances  can  be  inserted  in  the  trumpet 
shape  end  of  the  tube.  Another  form  for  this  purpose 
is  ligured  at  No.  18.  Here  the  anode  is  placed  at  the 
top,  while  the  cathode  is  placed  reversed  at  the  bottom, 
or  bulb  end  of  the  tube. 

In  No.  19  we  have  the  result  of  an  attempt  made 
to  combine  both  the  direct  and  reflected  anode  rays.  The 
cathode  passes  through  a  concave  anode  of  platinum, 
and  all  the  rays  emitted  by  it  are  utilised,  either  directly 
or  after  reflection.  In  No.  20  we  have  an  illustration  of 
a  tube  which  was  used  at  the  commencement  of  Kontgen 
ray  work.  A  good  point  aljout  it  is  that  the  poles  are 
a  good  distance  apart,  so  that  there  is  Uttle  danger  of 
sparking  taking  place  outside  the  tube  ;  but  owing  to  the 
fact  of  there  being  no  reflector  this  tube  is  slow  in  action. 
At  No.  21  we  have  a  tube  in  which  there  is  an  inter- 
changeable window  in  front  of  the  cathode.  This  is 
intended  for  testing  the  permeabihty  of  different  sub- 
stances.    A  Bianodic  tube  is  represented  at  No.  22,  and 
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is   designed   on  the  principle  of   the  reflection  of   ihe 
cathode   rays,    tliere    heing  a  cathode  phiced  centrally 
inside  the  reflectinj^  anode.     Another  Bianodic  form  is 
shown  at  No.  2-3,  and  it  is  this,  with  a  slight  inodillca- 
tion,  which  has  given  the  hest    results  in  the  author's 
hands.     No.   24   illustrates  a  tuhe   in   which   hoth  the 
anode  and  cathode  are  made  of  aluminium  discs,  and,  as 
these  are  precisely  similar,  either  pole  can  be  used  as 
anode   or  cathode   indifferently.      In  No.  25   we   have 
a   form  of  tube  designed  to  be  used   with    four   coils, 
there  being  a  platinum  cone  as  the  central  anode,  which 
serves   to   reflect  the    light   from  four    cathodes  placed 
around  the  circumference  of  the  tube.     A  tube  useful 
for   showing   the   place  of  origin  of  the  active  rays  is 
shown  at  No.  26.     Our  next  illustration,  No.  27,  shows 
a  tube  having  two  anodes  and  two  cathodes.     It  is  sup- 
posed that  the  two  cathode  streams  reflected  from  the 
anodes  meeting  with  one  another  gain  additional  power. 
Whether  these  two  latter  forms  are  really  advantageous 
in  practice  is  doubtful,  except  only  where  an  intense 
effect  is  required  to  be  localised  over  a  small  area,  since 
more  coils,  or  more  E.M.F.  is  needed,  than  is  the  case 
with  the  single  cathode  forms.     No.  28  shows  a  form 
of  tube  in  which  a  vacuum  regulating  bulb  is  added  to 
the  main  tube ;  this  bulb  may  contain  some  substance 
which  has  the  power  of  occluding  the  gas  in  which  the 
vacuum  is  produced.     In  general  behaviour  it  resembles 
No.  10,  but  it  has  the  defect  of  becoming  rapidly  heated. 
The  form  shown  at  No.  29  is  designed  with  the  intention 
of  concentrating  the  cathodic  rays  to  a  point.     This  is 
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offccted  l>y  givinj^an  annular  form  to  the  cathode,  which 
is  made  in  the  sliape  of  a  llat  ring  of  sheet  ahnniniuni 
surroundin^j;  the  conical  central  i»latinuni  anode.  No.  iiO 
is  designed  to  Hhow  the  efTect  of  the  reflection  of  the 
anode  rays  in  as  small  a  space  as  possihle.  This  tuhe 
is  also  ])rovided   with   a  palladium  electrode.     A   form 
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which  has  heen  found  to  give  exceptionally  good  results 
with  fluorescent  screens,  owing  to  the  large  area  evenly 
covered  by  the  reflected  rays,  from  the  large  annular 
surface,  is  figured  at  No.  31.  No.  32  represents  the  tube 
of  the  form  originally  employed  bj-  Rontgen  in  his 
classical  researches.  Nos.  1,  2,  and  20  are  known  as 
«Crookes' '  tubes,  Nos.  3,  5,  7,  9,  11,  13,  16,  17,  18,  21, 
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22,  23,  29,  and  81  are  due  to  M.  Se^niy ;  No.  1  is  the 
*  Wood'  tube.  No.  6  was  devised  by  MM.  Chaband  and 
Kurmuzescu.  No.  8  is  of  the  well-known  '  Jackson,'  or 
'  Focus '  type.  Nos.  10  and  14  are  of  the  '  D' Arson val ' 
type.     No.  12  is  the  Puluj   tube  ;  15,  26,  and  27  are 


Fio.  24. — Stand  for  Bianodic  Tube. 


Le  Eoux  tubes.  No.  19  is  due  to  M.  Rufz,  Nos.  24  and 
32  to  M.  Rontgen.  No.  25  is  the  Brunet-Seguy  tube; 
while  Nos.  28  and  30  are  the  results  of  M.  Colardeau's 
experiments. 

§  35.  As  it  is  important  that  the  discharge  should 
take  place  mside  the  tube,  and  not  on  the  outside,  some 
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iittontion  must  he  Riven  to  ili<  form  of  Htaud  wliich  is 
'  inploycd  to  support  the  tuho.  A  very  common  form  is 
the  hjill  and  socket  (lou))lo- jointed  stand,  which  we  illus- 
trate at  tij4.  '28.  This  is  l)est  made  of  wood,  witli  wooden 
screws.  Th(^  portion  wliich  holds  the  stem  of  llie  tuhe 
shoulil  he  lined  with  leather,  with  the  douhle  ohject  of 
Rivinj;  a  hotter  hold  on  th(i  f^lass,  and  of  preventing 
accidental  injurv.  iUit  as  some  forms  of  tu])es  have  no 
stems,  which  can  he  "^ripju'd  hy  the  holder,  a  stand  of  the 
form  represented  at  lig.  2t  will  he  found  more  convenient. 
This  is  the  form  adopted  hy  tlie  author,  and  whicli  lends 
itself  to  tuhes  of  any  shape.  Tt  lias  also  the  great  advan- 
tage that  even  if  tlie  tuhes  are  not  capped  there  is  no 
danger  of  hreaking  olY  tlie  platinum  looi)s  hy  hooking  and 
un- hooking  the  wires.  This  stand  should  he  made  of 
ehonite  throughout,  with  the  exception  of  the  hase,  which 
should  be  of  wood,  heavily  weighted  with  lead  under- 
neath, to  ensure  stability. 
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CHAPTER  VI 

THE    WIMSHURST    MACHINE 

§  86.  There  is  no  doubt  that  a  good  induction  coil 
worked  in  conjunction  with  a  suitable  battery,  either 
primary  or  '  storage,'  affords  a  very  convenient  and 
satisfactory  means  of  actuating  the  tubes  which  formed 
the  subject  of  our  last  chapter.  But  coils  are  subject  to 
many  ailments,  and  are  very  costly,  and  very  apt  to 
'  break  down  '  unless  great  care  is  taken  in  using  them. 
Added  to  this  is  the  inconvenience,  mess,  and  uncertainty 
of  the  batteries  which  must  be  employed  to  energise  them. 
With  the  exception  of  the  accumulator  (and  perhaps  a 
good  Edison-Lalande  coil),  there  is  no  battery  which  can 
be  depended  on  to  give  a  current  of  12  amperes  for 
even  an  hour  without  very  serious  falling  off. 

The  author  was  one  of  the  first  to  experiment  with 
the  induction  machine  known  as  the  *  Wimshurst,'  as  a 
means  of  obtaining  X  rays,  and  his  own  experiments, 
conjointly  with  those  of  many  others  (of  which  detailed 
accounts  may  be  found  in  the  pages  of  'Nature'  and 
of  the  'English  Mechanic'  for  the  years  1896-7),  have 
conclusively  proved  that  a  good  Wimshurst  machine, 
constructed   specially   for    the   purpose,  and    furnished 
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with  Hpcciiil  ineiuiK  of  conncctiiif;  up,  and  tliiis  cnsur- 
in^^  clean  and  rapid  discharf^cs,  without  '  hruHhing,'  is 
quite  cMjual,  if  not  superior,  to  a  coil  in  cfliciency.  The 
following  extract  from  the  *  English  Mechanic  '  of 
August  6,  1897,  relating  to  experiments  made  at  the 
Karl's  Court  Exhihition,  on  Friday,  July  30,  in  the 
presence  of  several  experts,  will  go  far  to  prove  that  in 
the  Wimshurst  we  have  the  hest  source  of  electricity  for 
radiographic  purposes : — 

On  Friday  evening  last  several  fjcntleinen  interested  in  the 
siil)j»'ct  attt'iidrd  to  niako  tests  and  to  witness  the  results  which 
limy  he  obtained  from  llie  influence  inucliine  whicli  stands  at  the 
Karl's  Court  Exhibition.  The  tubes  were  of  known  value,  and  had 
been  in  daily  use  for  sur^'ical  work  :  one  tube  was  suited  to  a  spark 
of  3  in.  in  length,  the  second  rcjuiired  0  in.  spark  length,  tlie  third 
was  of  the  highest  degree  of  exhaustion,  and  required  a  spark 
length  of,  or  exceeding,  10  in.  Owing  to  the  extemporary  nature  of 
all  the  surroundings,  the  conditions  for  making  the  tests  were  by 
no  means  favourable  ;  nevertheless,  the  tubes  and  screens  were 
lighted  more  perfectly  than  by  the  coil  which  had  hitherto  worked 
I  hem  ;  the  liglit  partly  penetrating  the  bones  of  the  arm,  showing 
the  bone  structure  of  tlio  elbow  joint,  and  passing  through  the 
chest.  At  the  conclusion  of  these  tests  it  was  freely  admitted  that 
the  screen  had  not  before  been  so  brightly  and  perfectly  lighted. 
Tlie  machine  was  found  capable  of  lighting  fom:  or  more  tubes 
simultaneously,  with  the  expenditure  of  about  one  man  power.  The 
feature  of  co7i8iant  illumination  of  the  screen  will,  no  doubt,  apart 
from  many  other  advantages,  cause  the  Wimshurst  to  become  the 
best  and  favourite  means  for  lighting  the  tubes. 

§  37.  In  \4ew  of  the  facility  with  which  the  "Wims- 
hurst can  he  constructed  hy  any  amateur  possessing 
the  two  qualifications  of  heing  ahle  to  use  his  hands  and 
of  neatness,  it  is  proposed  in  the  following  pages  to  give 
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a  short  account  of  the  manner  in  which  a  really  Horvico- 
ahle  machine  can  l)e  constriictiKl,  which  sliall  he  capahle 
of  causing  to  fluoresce  any  well-constructed  Crookes' 
tube  of  the  *  Focus  '  type,  which  would  require  a  spark 
between  three  or  four  inches  in  length  to  work  it. 

The  stand  first  demands  our  attention.  For  this 
purpose  we  require  four  pieces  of  mahogany,  1  in.  thick 
and  3  in.  wide,  two  being  2  ft.  long  and  two  12  in. 
These  latter  are  fastened  under  the  2  ft.  pieces  crosswise 
at  their  extremities,  and  should  project  about  1  in.,  the 
result  being  a  rectangular  frame,  12  in.  wide  by  2  ft. 
2  in.  long.  In  the  centre  of  each  of  the  longer  pieces  is 
erected  a  standard  also  made  of  mahogany,  17  in.  long, 
4  in.  wide  at  the  base,  where  it  is  morticed  to  the  frame, 
and  sloping  away  to  2^  in.  at  the  top,  at  which  it  is 
rounded,  and  where  the  spindle  which  bears  the  plates 
will  have  to  run. 

The  annexed  figures  (25  and  26)  of  a  stand  and  of  a 
complete  machine  will  show  the  disposition  of  the  parts. 
At  4  in.  from  the  base  a  ^  in.  hole  is  drilled  through 
each  standard,  and  bushed  with  stout  brass  tubing  to 
take  a  ^  in.  steel  spindle.  At  about  1^  in.  from  the  top 
of  the  standards,  a  similar  hole  is  also  drilled  in  the 
wood,  but  this  need  not  be  bushed,  as  the  spindle  which 
carries  the  plate  does  not  itself  rotate.  The  driving 
wheels  are  now  made  from  |  in.  mahogany,  6  in.  in 
diameter,  and  these  should  be  connected  together  the 
same  as  the  heads  of  a  cotton  reel,  by  means  of  a  wooden 
core  about  1\  in.  in.  diameter,  through  which  a  steel 
spindle   passes.     This  latter  spindle  must  be   at  least 
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1*2  in.  ill  Ifiij^lh.  and  lit  fairly  accuratoly  tlic  ])UBliinj^ 
wliicli  has  Ihch  jjlaccd  in  \\w  HtandardH.  A  \'  groove 
must  ho  turiR'd  in  the  tl  in.  driving  wheels,  to  carry  the 
gut  or  leather  hands,  which  serve  to  transmit  the  power 
from  the  driving  wheels  to  the  smaller  pullcyH  that 
rotate  the  plates.  C)ne  extremity  of  the  steel  spindle 
wliich  projects  from  the  standards  is  cut  square,  so  as 
to  allow  a  handle  or  crank  to  he  fastened  to  it  ;  or,  if 
preferred,  a  screw  thread  may  he  cut  upon  it,  and  a 
female  screw  made  in  the  tuhe  of  the  handle  itself.  A 
piece  of  mild  steel  rod,  ahout  A  in.  in  diameter  and  ahout 
1  ft.  in  length,  is  now  selected  to  fit  accurately  in  the 
upper  holes  of  tlic  standards,  and  a  piece  of  hrass  tuhe 
is  cut  to  such  a  length  as  to  reach  from  standard  to 
standard,  and  only  just  clear  them.  It  is  of  the  highest 
importance  that  this  tuhe  should  fit  accurately  the  steel 
spindle  just  chosen,  so  that  it  shall  he  able  to  rotate 
freely  upon  it  without  any  play.  This  brass  tube  should 
now  be  cut  into  two  equal  pieces ;  and  at  one  extremity 
of  each  tube  should  he  fitted  a  turned  mahogany  boss, 
perfectly  flat  on  one  side  and  slightly  curved  on  the 
other,  about  3  in.  in  diameter,  and  about  1  in.  thick. 
At  the  other  extremity  of  each  brass  tube  must  be  fitted 
a  mahogan}^  pulley  about  2J  in.  in  diameter,  with  a  V 
groove  cut  in  it.  Before  going  any  further,  the  brass 
tube  and  bosses,  with  their  flat  sides  facing  one  another, 
and  their  curved  sides  looking  towards  the  pulle3's, 
should  be  placed  between  the  standards,  in  a  line  with 
the  holes  in  the  upper  part  of  the  standards.  If  the 
whole  has  been  accurately  fitted,  the  V  groove  of  the 
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upper  driven  pulleys  will  be  in  a  line  with  the  V  groove 
of  the  larj^'e  G  in.  pulleyri,  wiiich  serve  as  drivers,  and 
care  should  be  taken  that  this  is  so  before  proceeding 
any  further.  The  hirj^er  wooden  discs,  or  bosses,  on  the 
tubes  should  allow  about  J,  in.  of  the  brass  tube  to 
project  beyond  them,  on  the  flat  sides. 

§  38.  The  next  step  is  to  fit  the  machine  with  the 
ebonite  plates.  For  this  purpose  the  operator  will  pro- 
cure two  sheets  of  good  ebonite,  not  less  than  y^  in.  in 
thickness,  and  not  more  than  ^fV  in. ;  these  should  be 
at  least  18  in.  square.  From  these,  by  means  of  a 
trammel  or  a  pair  of  large  compasses,  one  point  of  which 
has  been  made  pretty  sharp,  he  will  strike  out  two  18  in. 
circles,  and  by  continually  turning  the  trammel,  or 
compasses,  he  can  cause  the  sharp  end  thereof,  first,  to 
scrape,  and,  finally,  to  cut,  the  disc  clean  out,  so  that  by 
this  means  he  will  be  able  to  produce  two  18  in.  discs  of 
ebonite,  rather  over  -j\j-  in.  in  thickness.  It  is  better  to 
cut  out  the  discs  in  this  manner  than  to  risk  breaking 
the  plates  by  cutting  with  scissors  or  penknife ;  ebonite 
being  very  brittle,  especially  in  cold  weather,  and  liable 
to  crack  at  most  inconvenient  times  and  places  if  scissors 
be  used,  while  if  the  ebonite  is  warmed  to  facilitate 
cutting  it  is  apt  to  warp,  after  which  it  is  extremely 
dilBcult  to  get  the  plates  flat  again.  When  the  18  in. 
discs  have  been  cut  out,  a  small  circle  can  in  like  manner 
be  cut  out  of  the  centre  of  each  one.  This  should  be  of 
sufficient  size  to  allow  the  projecting  pieces  of  brass  tube 
to  pass  freel3\  By  means  of  a  red-hot  knitting  needle, 
or  similar  piece  of  stout  wii'e,  three  equidistant  holes  are 
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miido  in  the  tbonitc,  and  tlu»  plaUmt'iin  then  lu;  fiistfiiod 
to  the  rtat  faces  of  the  boss  by  means  of  three  flat-headed 
Bcrfws,  whifh  nnist  bo  screwed  up  HuhIi  with  tlio  sur 
faces  of  the  elK)nite.  The  philes  beinf^  tliiis  mounted, 
tliey  can  l)e  put  between  tlie  standards,  and  th(i  spindle 
passed  tln-ou^h  the  liole  in  one  standard  through  the 
two  tubes,  HO  that  it  projects  at  the  opposite  standard. 
In  order  to  prevent  the  spindle  from  moving'  while  the 
jtlatrs  are  being  rotated,  it  will  be  well  to  drill  two  holes 
at  the  upper  ends  of  the  standards,  countersink  them, 
and  fit  them  with  tlat-liended  screws,  which,  when  driven 
home,  shall  bite  the  spindle ;  and,  to  make  assurance 
doubly  sure,  it  will  be  well  (having  noticed  where  the 
screw  touches  the  spindle)  to  turn  a  little  V  groove  at 
these  points,  so  that  when  once  the  screws  are  tightened 
141  the  top  spindle  cannot  move. 

§  39.  We  must  now  turn  our  attention  to  a  little 
brass  and  glass  work  connected  with  this  machine.  We 
shall  require  two  brush  carriers,  or  '  neutralisers,'  as 
they  arc  called.  For  this  purpose  we  take  two  pieces  of 
the  same  brass  tul)e  as  we  used  to  go  over  the  spindle, 
about  1^  in.  long,  and  in  each  piece  make  a  fine  saw 
cut  for  about  i  in.  of  its  length  on  both  sides  of  the 
tube  at  opposite  diameters.  These  saw  cuts  give  a 
little  elasticity  to  the  tube,  so  that  we  can,  by  pinching 
the  tube,  cause  it  to  grip  the  spindle  tightly.  At  the 
opposite  end  of  each  of  these  tubes  we  solder  a  piece  of 
Y\v  in.  brass  wire,  about  20  in.  in  length,  and  drill  a 
hole  about  ^  in.  in  depth,  with  a  line  drill,  at  each 
extremity  of  this  wire.     In  these  holes  we  insert  a  little 
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bunch  of  that  fine  f^ilt  wire  known  as  *  gold  cord,'  or 
'tinsel  cord,'  so  as  to  produce  a  'hrush*  projecting 
about  1  in.  beyond  the  ends  of  the  rods,  and  in  order 
that  the  little  brushes  thus  ^n'oduced  shall  not  fall  out 
we  plug  the  hole  with  a  little  wedge  of  any  hard  wood. 
It  is  needless  to  remark  that  these  ))ra8s  rods,  to  which 
we  have  just  referred,  must  be  soldered  by  their  centres 
to  the  brass  tubes,  which  we  have  just  fitted  on  the 
spindles.  The  brass  rods  must  now  be  bent  in  the  shape 
of  a  bow,  so  that  the  brushes  of  gilt  cord  (which  we 
shall  hereafter  call  '  the  brushes  ')  just  sweep  along  the 
surfaces  of  the  ebonite  plates  without  scratching  them. 

Our  next  step  is  to  make  a  couple  of  Leyden  jars. 
The  most  showy  ones  are  certainly  those  straight  white 
glass  jars  sold  by  most  philosophical  instrument  makers  ; 
but,  unfortunately,  they  are  extremely  liable  to  perfora- 
tion by  the  enormous  tension  of  the  electricity  generated 
by  this  machine,  and,  therefore,  the  amateur  is  recom- 
mended to  procure  a  couple  of  the  ordinary  pint  salad- 
oil  bottles  (such  as  are  sold  by  Lazenby),  which  will  be 
found  to  stand  the  disruptive  discharges  of  electricity 
much  better  than  the  far  more  pretentious-looking  jars 
usually  employed.  The  bottles  to  which  reference  is 
made  are  of  a  pale  greenish  colour,  and  stand  about 
10  in.  high  ;  they  are  about  2;^  in.  in  diameter  at  the 
bottom*  A  pair  of  these  should  be  procured,  carefully 
washed  with  soda  and  water  to  remove  all  oil,  then 
rinsed  with  plain  water,  then  again  with  a  little 
methylated  spirits,  and,  lastly,  with  benzine,  aftir 
which  they  may  be  allowed  to  drain  and  dry  in  a  warm 
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placr.  Wlien  jwrhrthf  ilrif,  thoso  should  each  be  fitted 
intn  ;i  littlf  lUiihoj^imy  Imsc  uhout  1  in.  lonj^  and  JJ  in. 
wiiU'  ;  of  such  a  size,  in  fact,  as  will  fit  caKily  into  the 
doprcHsions  whirli  are  left,  one*  on  rach  side,  between 
the  back  and  iVont  pieces  of  the  frame  on  which  the 
whole  machine  is  erected.  To  fit  tlu;  bottles  to  these 
pieces,  two  circular  holes  should  be  cut  by  means  of  a 
larj^e  centre-bit,  so  as  just  to  admit  freely  the  bottom  of 
the  bottles  ;  and  then  the  pieces  of  mahofrany  should  be 
boiled  for  a  short  time  in  melted  parallin  wax,  until  no 
more  bubbles  rise  to  the  surface,  when  they  may  be 
taken  out,  wiped,  and  laid  aside  to  cool.  This  is  done 
for  the  purpose  of  rendering  the  mahogany  insulating. 
The  bottom  of  the  hole  in  the  mahogany  is  now  fitted 
with  a  circlet  of  tinfoil,  under  which  a  ^  in.  strip  of 
very  thin  brass  (not  thicker  than  ordinary  writing-paper) 
is  laid,  and  which  projects  about  1  in.  over  the  upper 
edge  of  the  mahogany  scpiarc,  where  it  must  be  bent 
over  to  lie  llat  (this  applies,  of  course,  to  both  squares)  ; 
and  through  the  free  end  of  this  little  projecting  piece  of 
brass  passes  the  tang  of  a  small  binding  screw,  which 
serves  at  once  to  hold  the  brass  in  its  position  on  the 
mahogany,  and  afterwards  to  make  contact  through  the 
outer  circuit  to  the  Crookes'  tube. 

A  strip  of  tinfoil  about  2  in.  wide,  and  of  sufficient 
length  to  go  round  the  outside  of  each  bottle,  is  now 
to  be  pasted  round  the  lower  end  of  each  bottle  so 
as  to  form  a  ring  round  it,  and  it  is  well,  also,  to 
paste  a  tinfoil  circlet  on  the  bottoms  themselves, 
reaching  to  the  last-named  rings.     The  bottles  should 
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be  put  aside  to  dry  thoroiif^lily,  smd  then  filled  to 
the  same  lici^ht  as  the  tinfoil  roaches  with  small 
shot.  The  necks  of  the  bottles  should  now  be  fitted 
with  rather  long,  soft  corks  ;  and  these  carefully  bored 
out  with  a  hot  iron  wire  to  take  a  straight  brass  rod, 
reaching,  when  the  bottles  are  in  their  places  on  the 
stand,  from  tlie  bottom  of  the  bottles  to  the  exact  centre 
of  the  edges  of  the  ebonite  plates.  These  rods  should 
be  at  least  \  in.  in  diameter,  and  they  are  none  the 
worse  for  being  -{\  in.  They  should  be  fitted  at  their 
upper  extremities  by  means  of  male  and  female  screws 
to  brass  balls  (one  on  each  bottle)  about  1^  in.  in 
diameter,  and  to  these  balls  projecting  at  right  angles 
to  the  upright  rods  are  to  be  affixed  two  U -shaped 
pieces  of  /^  in.  brass  wire,  about  5  in.  long  when  bent 
into  the  U  shape,  and  terminating  in  points,  which  must 
be  slightly  bent  inwards  towards  the  centre.  We  also 
require  a  device  for  regulating  the  length  of  the  spark ; 
the  easiest  manner  of  effecting  this  is  to  take  a  straight 
brass  rod  about  a  :^  in.  in  diameter,  and  of  sufficient 
length  to  reach,  when  bent  twice  at  right  angles  at  its 
extremities,  from  one  ball  to  the  other ;  and  also  to  rest 
at  the  back  of  that  standard,  where  the  driving  handle 
or  winch  is  placed. 

To  each  extremity  of  the  two  bent  arms  of  this  brass 
rod  is  to  be  screwed  a  brass  ball  about  1  m.  in  diameter  ; 
and  the  centre  of  the  rod,  at  the  part  where  it  will 
afterwards  rest  against  the  front  standard,  is  fitted  with 
a  small  projecting  handle,  which  may  be  also  of  brass, 
pointing  outwards,  i.e.,  in  the  opposite  direction  to  that 

a 


?  nADIOGUAlin 

ill  which  the  two  bent  iirms  wliicli  carry  the  halls  arc 
dirccti'il.  Thin  hrass  rod,  with  its  two  knoljs  and  handle, 
is  to  be  afterwards  fastened  to  the  hack  standard  hy 
moans  of  two  hrass  straps  and  screws  ;  and,  in  order 
that  there  should  be  sullicient  friction  to  hold  the 
hrass  rod  in  any  desired  position,  and  yet  sufticient  play 
to  enable  the  operator  to  adjust  the  distance  between 
tin-  halls  on  the  jar  and  the  knobs  on  the  spark-^ap 
regulator,  a  strip  of  leather  may  be  placed  underneath 
eadi  strap,  and  the  pressure  regulated  to  any  desired 
extent  hy  tij^htening  or  loosening  the  screws  wliiidi  hold 
the  hrass  straps  in  position.  The  i)roper  position  for 
this  spark-gap  regulator  is  just  under  the  nozzle  of 
the  front  standard  tube,  which  carries  the  neutralising 
rod.  (By  front  standard  we  understand  the  standard 
where  the  driWng  handle  is.) 

§  40.  Little  remains  for  us  now  to  do.  Sixty-four 
sectors  are  cut  out  of  tinfoil ;  each  sector  should  be 
about  3  in.  long,  about  \  in.  wide  at  the  bottom  and  ^in. 
wide  at  the  top,  and  both  bottom  and  top  ends  should 
he  rounded.  These  sectors  should  be  stuck  on  the  faces 
of  each  disc,  thirty-two  on  each,  on  the  sides  facing  the 
standards,  with  their  small  extremities  pointing  towards 
the  central  boss,  and  their  wider  extremities  within 
i  in.  of  the  periphery  of  the  discs.  It  is  needless  to 
say  that  these  sectors  must  stand  at  equal  distances 
apart  one  from  the  other,  and  the  quickest  way  to 
ensure  this  is  to  cut  a  circlet  of  paper,  the  centre  of 
which  corresponds  to  the  centre  of  the  ebonite  disc,  and 
the  cii'cumference  to  the  point  at  which  the  inner  edges 
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of  the  sectors  roach,  and  to  divide  this  paper  circlet 
into  thirty- two  equal  parts  by  means  of  a  pair  of 
compasses,  when,  by  laying  this  paper  over  the  centre 
of  the  ebonite  discs  in  turn,  it  is  easy  to  place  the 
tinfoil  sectors  at  regular  distances  apart  around  the 
outer  edges  of  the  ebonite  discs.  Ordinary  *  white  hard  ' 
varnish  laid  thinly  on  each  sector  with  a  small  brusli 
w^ill  be  found  to  be  the  best  medium  for  attaching  the 
tinfoil  sectors  to  the  e])onite  plates. 

Our  last  operation  is  to  connect  the  large  driving 
wheels  to  the  small  driven  wheels  attached  to  the  plates 
themselves,  by  means  either  of  leather  bands,  or  of 
catgut ;  leather  bands,  the  same  as  are  used  for  sewing 
machines,  furnished  with  hooks,  are,  perhaps,  the  more 
convenient,  as  they  admit  of  shortening,  and  con- 
sequently tightening,  w^hen  they  work  loose  by  use. 
The  band  from  the  front  wheel — viz.,  the  w^heel  where 
the  handle  is — should  pass  straight  over  from  the 
driving  wheel  to  the  driven  wheel ;  but  the  band  from 
the  back  wheel  must  be  crossed,  since  it  is  necessary 
that  the  two  plates  should  rotate  in  opposite  directions. 

§  41.  Our  machine  is  now^  complete,  and  we  can 
proceed  to  try  it.  For  this  purpose  we  begin  b}'  placing 
the  neutralising  rods  with  their  brushes  sweeping  the 
plates,  in  such  a  position  that  when  viewed  from  the 
front  of  each  plate  in  turn  each  rod  is  standing  in  the 
position  assumed  by  the  hands  of  a  clock  when  marking 
five  minutes  to  five.  We  next  rotate  the  handle  of  the 
driving  wheel  clock- wise,  and,  if  the  air  is  fairly  dry 
and  the  machine  has   been  properly   constructed,  the 
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brushes  swcopin^  lij^lilly  across  the  sectors,  as  the  plates 
rotate,  tlic  macliine  will  hej^in  to  Roiierate ;  and  on 
I»lacin^  (by  nu-ans  of  the  littlo  liandlc)  the  knobs  of  the 
spark-j^a])  regulator  at  a  distance  of  about  an  inch 
from  each  large  ball,  sparks  should  be  seen  to  pass 
lietween  the  two  gaps  of  the  regulator  and  the  brass 
balls  of  the  Loyden  jars.  These  sparks  may  bo  much 
intensified  in  brilliancy  aii<l  hii^^th  by  connecting  the 
out  sides  of  the  jars  (by  means  of  the  two  terminals) 
with  a  piece  of  copjxr  wire. 

Su|)])osing  we  have  got  the  machine  to  work  proi)erly 
at  the  tirst  start,  wo  can  ])roceed  to  notice  on  wliich 
side  of  the  '  collectors  '  a  '  brush  '  or  a  '  glow  '  discharge 
is  seen  (by  'collectors'  we  understand  the  two  U-f5hai)ed 
pieces  whicli  are  fastened  to  the  knobs  of  the  jars  and 
which  embrace  the  plates).  On  examining  carefully 
the  points  of  these  collectors  in  a  darkened  room  while 
the  machine  is  being  worked,  we  shall  find  that  the 
collector  on  the  one  side  has  a  distinct  'brush  '  of  bluish 
light,  apparently  extending  from  its  point  to  the  ebonite 
plate,  while  the  points  of  the  collector  on  the  opposite 
diameter  of  the  plates  will  be  seen  to  glow  with  a 
distinct  little  '  star  '  without  any  brush.  The  operator 
must  carefully  notice  these  appearances ;  the  '  brush  '  is 
the  sign  of  a  negative  discharge,  the  *  glow '  the  sign  of 
a  positive  discharge;  but  he  must  bear  in  mind  that  the 
outside  of  the  jar  connected  to  the  brush  or  negative 
discharge  is  itself  jwsitive,  and  this  must  always  be  the 
jar  which  is  to  be  connected  to  the  anode  or  square 
platinum  flat  of  the  Crookes'  tube  by  means  of  which 
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the  radiograpliB  are  taken.  If  any  difficulty  occurB 
(through  a  damp  atmosplicre  or  otherwise)  in  starting 
the  machine,  a  small  initial  charge  may  be  given  to  it, 
and  immediate  results  obtained  by  rubbing  a  rod  of 
sealing  wax  with  a  warm,  dry  flannel,  and  holding  it 
near  the  lower  left-hand-side  half  of  the  ebonite  disc, 
which  faces  the  operator  while  rotating  the  driving 
handle. 

§  42.  The  next  piece  of  apparatus  required  is  the 
Crookes'  tube,  and  this  the  operator  must  purchase. 
The  best  kind  of  tube  to  use  with  the  Wimshurst  machine 


Fig.  27.— Jackson  Form  of  Crooks'  Tube. 

is  certainly  the  '  Focus '  type,  of  which  a  sketch  is 
annexed  (see  fig.  27).  Such  tubes  may  now  be  procured 
at  prices  ranging  from  IL  to  1/.  10s.,  and  the  operator 
would  do  well  to  secure  one  fit  to  work  with  a  3  in. 
spark;  if  much  less,  the  exposures  required  will  be 
long ;  and  if  much  more,  the  Wimshurst  will  not  work  it 
satisfactorily  in  all  weathers.  In  purchasing  the  tube, 
care  must  be  taken  to  select  one  in  which  neither  the 
aluminium  concave  disc  nor  the  platinum  fiat  is  at  all 
loose  in  the  tube.  Both  the  aluminium  and  platinum 
are  fastened  into  the  interior  of  the  tube  by  means  of  a 
platinum  wire,  encased  in  an  outer  glass  stem ;  and  as 
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it  is  very  (litViciiU  to  oiiHuro  perfect  adlieHiou  between  the 
lihitinuin  wire  piiHsin^  up  the  ghvsH  Btein  and  tlie  Rhiss 
itself,  c'onstitntin;::  this  stem  (owinR  to  the  dilTcronce  in 
the  cooflii'ientof  expansion  between  ^biss  and  phitiniun), 
it  often  occurs  that  either  tlic  phitinuni  square  or  the 
ahnniniuni  disc  shakes  loose  and  touches  the  sides  of 
the  tube.  The  tube  in  which  this  occurs  should  be 
rejected,  as  it  will  be  found  very  dilVicult  to  get  such  a 
lube  to  p;ive  off  the  desired  X  rays  satisfactorily. 

I  [living  selected  the  tube,  the  operator  will  do  well  to 
]>rocure  or  to  make  one  of   those  little  jointed    stands 

which  are  used  for  holding  test 
tubes,  or  similar  articles  in  which 
fluids  are  boiled  over  a  lamp.  The 
jaws  of  the  clamp  must  be  adjusted 
so  as  to  hold  firmly  the  tail  or 
projecting  end  of  the  Crookes' 
tube,  and  a  coui:)le  of  binding 
screws  should  be  inserted  at  about 
four  inches  apart  on  the  wood- 
work of  this  stand  and  connected 
to  the  loops  of  the  Crookes'  tube  by  means  of  a  spiral 
of  very  fine  copper  wire.  No.  36  gauge  will  be  found  a 
convenient  size,  as  it  is  sufficiently  elastic  to  prevent  any 
injury  being  done  to  the  loops  of  the  tube,  if  it  be 
required  to  turn  the  tube  on  its  axis  while  it  is  being 
held  between  the  jaws  of  the  clamp.  Fig.  28  gives  a 
good  idea  of  a  convenient  form  of  stand  and  of  the 
proper  way  of  connecting  the  tube  to  the  terminals 
thereon. 


Fig.  28.— Tube  Stanh. 
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§  43.  Our  next  step  is  to  try  whulliLr  we  are  able  to 
get  good  results  with  our  tube  and  Wimshurst.  To  this 
end  we  connect  up,  by  means  of  a  convenient  length  (say 
about  one  yard)  of  No.  18  guttapercha  copper-covered 
wire,  the  outside  of  that  jar,  the  collector  of  which  we 
observe  to  glow  with  the  *  brush '  discharge,  to  that 
terminal  on  the  stand  which  is  coupled  to  the  platinum 
square  of  the  tube,  and  by  means  of  a  similar  piece  of 
wire  we  connect  the  outside  of  the  other  jar  to  the  other 
terminal  of  the  Crookes'  tube  stand,  which  is  in  con- 
nection with  the  aluminium  disc  of  the  said  tube. 

We  now  place  (by  means  of  the  little  handle)  the 
balls  of  the  spark-gap  regulator  at  about  half  an  inch 
from  the  main  balls  on  the  jars,  and  rotate  the  machine 
at  such  a  rate  as  to  get  a  fairly  continuous  series  of  dis- 
charges between  the  four  balls.  If  all  is  working  well, 
the  Crookes'  tube  will  now  be  seen  to  glow  with  a  peculiar 
canary  yellow  light,  and  it  will  be  noticed  that  the  light 
in  the  tube  will  seem  to  divide  itself  into  two  distinct 
portions:  the  part  in  front  of  the  platinum  square  and 
of  the  aluminium  disc  will  be  distinctly  canary -coloured, 
while  the  portion  behind  the  platinum  flat  will  be  as 
distinctly  violaceous.  If  by  any  chance  the  tube  does 
not  show  any  yellow  illumination  at  all,  but  is  simply 
filled  with  a  glow  of  violaceous  light,  the  spark  gap 
between  the  four  balls  must  be  gradually  increased  until 
the  above  result  be  attained  ;  but  if,  on  the  contrary,  the 
whole  tube  seems  to  glow  with  a  yellow  light,  and  more 
especially  if  there  is  any  tendency  to  sparking  between 
the  terminals  of  the  stand  itself,  it  will  be  advisable  to 
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shurten  somewhat  tin-  Hpark  j^iij).  It  is  convonient, 
thouj^h  not  absolutely  necessary  for  <»nr  j)urp()He,  to  be 
able  to  tost  the  presence  of  X  rays  without  actually 
takin*^  a  photo^Taph,  and  this  can  be  elTected  by  the  use 
of  a  *  lluonsccnt  screen  '  held  between  the  tube  and  the 
eye  in  a  darkened  room,  wlien,  on  the  hand  Ix'in;^' })laced 
behind  the  screen,  if  the  tube  is  workin*^  properly,  the 
hand  with  its  bones  will  plainly  be  seen  throu<;h  the 
screen.  Screens  are,  however,  rather  expensive  luxuries  ; 
a  description  is  therefore  given  of  a  metliod  of  making;  a 
simple  screen,  whicli,  while  not  quite  so  good  as  the  shop 
screens  (which  are  made  of  barium  platinocyanide),  will  be 
found  suiViciently  so  to  enable  the  operator  to  judge  of  the 
working  condition  of  his  tube.  For  this  purpose  he  will 
procure  from  any  of  our  respectable  manufacturing 
chemists  a  small  quantity  of  calcium  tungstate  (about 
1  oz.  will  be  quite  sufficient  for  this  pur])0se).  He  must 
particularly  insist  ujion  having  a  good  crystalline  variety, 
and  should  examine  it  for  himself,  to  see  that  it  really 
glistens  with  little  crystals.  He  will  then  take  a  sheet 
of  stout  Bristol  board'  (about  9  in.  by  12  in.  is  a  good 
size),  and  having  brushed  over  one  surface  with  good 
gum-water  (a  Buckle  brush  is  the  best  for  this  purpose), 
so  as  to  get  an  even  coating  of  gum  on  the  paper,  he 
will  spread  over  the  surface  of  the  still  moist  paper,  with 
a  very  fine  lawn  sieve,  sufficient  calcium  tungstate  to 
cover  the  wliole  evenly.  He  will  set  this  aside  to  dry, 
and  wliLii  quite  dry  shake  off  any  superfluity  of  the 
calcium  tungstate,  which  may  be  kept  for  making  other 

*  This  must  be  sufticiently  thick  to  be  quite  opaque  to  ordinary  light. 
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screens,  ^c.  When  he  has  succeeded  in  getting  his  tube 
to  work  satisfactorily,  he  will  proceed  to  try  his  first 
radiograph.  For  this  purpose  he  will  procure  some  of 
Tylar's  light-tight  l)ag8  (such  as  most  photographers  use 
for  carrying  their  plates  about  in)  of  a  convenient  size. 
It  would  be  almost  advisable  for  first  experiments  that 
he  should  content  himself  with  quarter-plates.  Wien 
he  has  acquired  the  necessary  skill,  there  will  be  no 
objection  to  proceeding  to  half-  or  whole-plates. 

§  44.  It  would  be  almost  invidious,  in  view  of  the 
large  number  of  really  excellent  plates  which  are  now  in 
the  market,  to  attempt  to  recommend  those  of  one  maker 
in  preference  to  those  of  another  ;  but  in  order  to  give 
the  operator  some  little  guide  as  to  the  length  of  exposure 
and  the  style  of  development,  we  will  in  the  following 
instructions  presume  that  he  is  using  Cadett's  *  Light- 
ning '  plates,  leaving  him  afterwards  to  make  use  of 
those  plates  and  of  that  developer  to  which  he  is  most 
accustomed. 

Proceeding  to  the  '  dark  room,'  the  operator  will 
place  the  plate  selected  in  the  inner  yellow  envelope, 
taking  care  to  have  the  film  against  the  seamless  side 
of  the  envelope.  Then  having  closed  the  flap,  he  will 
insert  the  envelope  into  the  black  outer  bag  with  the 
flap  end  foremost,  using  the  same  precautions  to  keep 
the  film  against  the  unjoined  face  of  the  bag.  Having 
closed  the  flap  of  the  black  bag,  he  can  proceed  to  the 
room  wherein  he  has  the  Wimshurst  and  Crookes'  tube 
fitted  up.  Placing  the  Tylar's  bag  flat  on  the  operating 
table,  with  the  film  side  of  the  contained  plate  uppermost, 
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he  will  adjust  the  Crookes'  tube  on  its  support,  so  that 
the  tul)t'  staiuls  at  about  4h  in.  or  5  in.  from  the  level 
of  the  table.  II(>  must  carefully  adjust  the  tube  so  that 
the  platinum  Ibit  points  downwards  at  an  aiiKleof  45^,  as 
shown  in  li«;.  2\).  ]W  this  means  the  cat  bode  rays  are 
refbH'ted  downwards  on  to  the  plate  contained  in  the  bag  ; 
and  care  nnist  be  taken  to  place  the  bag  in  such  a 
position  that  it  shall  rec(;ive  erpially  over  its  surface  the 
canary-coloured    rays    rellected    downwards    fr(^m    the 


Fig.  29. — Aiiuangement  of  ArpARAXus. 


platinum  flat.  Having  thus  adjusted  the  relative 
position  of  the  sensitive  plate  and  the  Crookes'  tube,  the 
operator  next  proceeds  to  feel  with  his  flnger  the  exact 
position  occupied  by  the  plate  in  the  bag.  Having 
selected  an  object  to  be  radiographed,  say  for  example  a 
dead  mouse,  he  will  arrange  this  so  that  it  may  be 
contained  in  the  area  occupied  by  the  plate,  placing  the 
limbs,  head,  &c.,  in  such  a  position  upon  the  black  bag 
as  to  be  within  the  limits  of  the  plate.  He  will  now 
proceed  to  turn  the  handle  of  the  Wimshurst  (which  has. 
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of  course,  been  connected  up  to  the  Crookes'  tube  as 
previously  described)  at  the  rate  of  about  three  turns  per 
second,  or,  in  fact,  at  such  a  rate  that  the  Crookes'  tube 
glows  almost  continuously  with  tlic  desired  canary- 
coloured  rays. 

He  must  watch  carefully  durin;^  the  ixi)0Hure  llie 
state  of  the  tube  ;  if  the  tube  continues  to  glow  with  the 
l)right  and  characteristic  canary-yellow  light  which,  if 
it  does  not  constitute,  at  least  always  accompanies  the 
Eontgen  rays,  he  need  not  vary  the  speed  of  rotation, 
nor  alter  the  position  of  the  balls  which  govern  the 
sparking  gap.  If,  however,  the  light  should  fail,  and 
become  violaceous,  either  the  sparking  gap  must  be 
slightly  increased,  or  else  the  Crookes'  tube  must  be 
cautiously  warmed,  by  moving  the  flame  of  a  spirit  lamp 
about  its  under  surface.  But  if,  on  the  contrary,  the  tube 
glows  almost  orange  in  colour,  and  if  sparks  should  pass 
between  one  terminal  of  the  stand  and  the  other,  or 
about  the  outside  of  the  tube,  the  spark  gap  is  too  great, 
and  the  distance  between  the  balls  constituting  the  spark 
gap  must  be  lessened  gradually  until  the  proper  kind  of 
illumination  has  been  obtained. 

Supposing  that  all  have  proceeded  satisfactorily,  an 
exposure  of  about  tw^o  minutes  (in  the  case  of  a  mouse 
or  a  hand)  will  be  sufficient  to  give  good  results  with  the 
plate  before  mentioned.  Such  objects  as  coins,  keys,  &c., 
which  are  at  once  thin  and  very  opaque  to  the  X  rays, 
can  be  successfully  radiographed  with  an  exposure  of 
about  thirty  seconds.  On  the  other  hand,  a  thick,  fleshy 
portion  of  the  body,  such  as  the  knee  or  the  elbow,  may 
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take  from  twenty  miiiuti's  to  half  an  hour  to  p;et  a  dis- 
tinct picture  of  the  hones  therein  contained. 

It  will  not  be  needful  here  to  dilate  on  the  process  of 
development,  since  it  is  precisely  the  same  as  for  an  ordin- 
ary negative,  and  will  he  fully  d(^8crihed  at  Chapter  IX;  but 
for  the  sake  of  nndcM'in^  this  chapter  coniplcte,  in  connec- 
tion with  the  plates  above  mentioned,  the  use  of  a  ferrous- 
oxalate  develojier,  nuide  as  described  below,  is  recom- 
mended, as  it  will  be  found  eminently  satisfactory,  and  to 
have  the  great  advantage  of  leaving  the  shadows  quite 
clear. 

Take  clean  ferrous  sulphate,  and  make  with  it  a 
saturated  solution  in  distilled  water;  in  like  manner 
make  a  saturated  solution  of  neutral  potassium  oxalate. 
When  required  for  use,  measure  out  three  parts  of  the 
latter  and  add  thereto  one  part  of  the  former.  It  is 
essential  that  the  order  of  mixing  should  not  be  reversed, 
otherwise,  instead  of  a  clear  orange  red  fluid,  a  magma 
resembling  pea-soup  will  be  the  result. 

The  developer  thus  prepared  having  been  poured  into 
the  developing  tray,  the  operator  proceeds  to  the  '  dark 
room '  and  places  his  first  radiograph  therein.  Here  it 
is  recommended  that  the  operator  should  not  he  in  a  hurry. 
The  development  mai/  proceed  rapidly,  but  more  pro- 
bably will  take  some  little  time  to  effect,  and  it  is  inter- 
esting to  note  what  an  amount  of  detail  will  come  up  by 
prolonging  the  operation,  and  how^  much  trouble  is  saved 
by  not  having  to  intensify  the  image  after  development. 
It  is  not  intended  that  the  student  should  infer  from 
this  that  the  picture  is  improved  by  being  under-exposed 
and  over-developed,  but  simply  that  he  should  not  lose 
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heart  and  cease  developing,  because  detail  does  not  appear 
at  once. 

When  the  image  has  been  developed  to  satisfaction, 
the  plate  should  be  well  washed  as  usual  and  lixed  in  the 
ordinary  sodium  hyposulphite  solution — strength,  about 
four  ounces  to  the  pint.  Theordinary  processes  of  washing 
and  drying  are  conducted  as  usual.  If  intensification 
be  required,  this  may  be  done  at  once  after  the  negative 
has  been  thoroughly  washed  by  placing  it  in  a  solution 
of  bichloride  of  mercury  in  water,  the  strength  being 
about  twenty  grains  to  the  ounce,  and  it  will  be  well 
before  mixing  the  water  with  the  bichloride,  which  is 
only  sparingly  soluble,  to  dissolve  the  bichloride  itself 
first  in  about  a  drachm  of  spirits  of  wine.  When  the 
negative  is  bleached  right  through  and  is  of  the  colour  of 
milk  on  both  sides,  it  should  be  well  washed,  and  then 
immersed  in  a  solution  of  liquor  ammoniae  fortis  in  water 
— a  good  strength  is  about  one  drachm  to  a  pint  of  water. 
Here  the  negative  may  remain  until  it  has  become  brown 
right  through,  when  a  final  wash  may  be  given  and  the 
negative  reared  up  to  dry.  From  this  negative  prints 
may  be  obtained  in  the  usual  manner. 

If  home  made,  the  whole  apparatus,  comprising  a 
Crookes'  tube,  need  not  cost  more  than  4/.  This,  of 
course,  does  not  include  the  value  of  the  student's 
labour ;  but  as  many  have  spare  time  in  the  evenings, 
it  will  be  found  much  more  satisfactory,  and  certainly 
more  instructive,  to  make  such  an  apparatus,  than  to 
spend  10/.  or  12/.  over  a  coil  and  battery,  with  the 
probability  of  breaking  down  the  coil  after  the  first  few 
experiments. 


i»4  UAlJlOCIiAI'IIY 


CIIAPTKIi   VII 

THE  UOLTZ  MACHINE 

§  I.").  Personally,  the  author  has  liad  no  exporiciico 
with  the  lloltz  machine  in  connection  with  radiography, 
but  the  following  extracts  from  Dr.  S.  II.  Monell's  excel- 
lent work  on  Electro-therapeutics  '  go  so  far  to  prove 
the  superiority  of  static  machines  over  coils  in  the 
production  of  X  i*ay  effects  that  no  excuse  is  necessary 
for  their  insertion  here. 

During  the  first  months  of  the  year  189G  the  opinion  pre- 
vailed that :  *  Thus  far  the  only  apparatus  kiiown  which  will 
produce  X  rays  readily  and  profusely  is  the  induction  coil.  Such  a 
transformer  gives  exceedingly  great  electro-motive  forces,  capable  of 
producing  discharge  over  long  air  gaps.  When  the  discharge  from 
such  a  coil  is  passing  tlirough  properly  exliaiistcd  and  cotistructed 
tubes,  we  have  a  very  vigorous  generation  of  x  rays.' 

During  this  same  experimental  period  the  static  machine  was 
equaUy  known  to  give  exceedingly  great  electro-motive  forces, 
capable  of  producing  discharge  over  long  air  gaps,  surpassing  in 
these  respects  the  capabilities  of  the  ordinary  coil.  It  was  tried, 
and  for  the  most  part  rejected,  in  early  x  ray  work,  for  two  wholly 
sufficient  reasons  which  demonstrated  that  (1)  the  discharge  from 


>  Manual  of  Static  Electricity  in  X  Ray  and  Tlierapeutic  Work, 
S.  H.  Monell,  M.D.  Wm.  Beverley  Harison,  New  York,  and  Sampson  Low, 
Marston  &  Co.,  London. 


THE   HOLTZ   MACHINE  95 

the  static  macliino  was  not  then  paHHcd  tlnongh  tubes  properly  ex- 
hausted and  constructed  lor  tlie  static  current ;  (2)  that  scarcely 
any  of  the  experimenters  wore  skilled  in  the  special  manipulation 
of  such  an  apparatus,  and  tlio  few  who  were  expert  with  static 
electricity  could  not  then  procure  Crookes'  tubes  adapted  to  its  great 
electro-motive  force. 

Five  months  later  the  author  (Dr.  Monell)  was  practically 
demonstrating^  to  physicians  in  his  ollico  and  clinic  that  when  the 
discharge  ^from  the  Holt/  machine  was  passed  through  Crookes' 
tubes,  which  proved  to  be  '  properly  constructed  and  exhausted  '  to 
suit  this  form  of  current  of  extraordinary  potential,  there  resulted 
a  generation  of  x  rays  from  twenty  to  thirty  per  cent,  more 
vigorous  and  profuse  than  the  product  of  the  best  coil  known  to  be 
then  employed,  from  three  to  five  times  more  useful  to  the 
diagnostician  than  the  x  rays  of  average-priced  coils,  and  incal- 
culablj'  more  valuable  than  the  feeble  glimmer  of  the  coils  and  small 
tubes  in  most  common  use.  These  propositions  are  deemed 
capable  of  demonstration.  1.  No  surgical  consulting-room  is  fully 
equipped  without  an  apparatus  for  x  ray  examination.  2.  The 
surgical  practitioner  will  consult  his  own  and  his  patients'  best 
interests  by  employing  an  apparatus  which  is  also  of  gi-eat  thera- 
peutic value.  3.  The  medical  practitioner  can  most  profitably 
utilise  an  electrical  apparatus  which  is  not  only  of  prime  electro- 
therapeutic  importance,  but  which  constitutes  his  most  practical, 
economical,  and  efficient  source  of  x  rays.  4.  The  physician 
cannot  obtain  satisfactory  x  radiance  for  all-round  fluoroscopic 
investigation  and  short-exposure  photographs  with  coils  of  low 
efficiency,  and  therefore,  comparing  effects  with  cost,  such  coils  are 
a  wasteful  and  nearly  useless  purchase.  5.  The  best  coil  of  either 
simple  or  high  frequency  type  possesses  drawbacks  which  will  tend 
to  eventually  displace  it  in  favour  of  more  satisfactory  apparatus. 
6.  The  high  potential  static  current  fi'om  therapeutic  Holtz 
machines  ^  is  superior  to  any  coil  known  to  be  made  at  this  date 
(February  24,  1897)  in  respect  to  economy,  value,  efficiency,  satis- 
faction, reliability,  and  almost  all  that  pertains  to  the  medical  and 

'  Or  better  still  the  Wimshurst,  as  being  more  certain  in  action  and 
less  affected  by  atmospheric  conditions.     S.  Bottone. 
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surgical  ubcr  of  x  ra^'H  in  lioRpital  and  othcc  practice.  7.  No  one 
can  doul>l  thoHc  facts  wlio  witnossi's  n<iM»atf<l  priictical  ilnnonHtra- 
titniH  of  tliom.  iiiid  Huch  doinoiistratioiiH  urncasily  inadt?  by  a  nkilftd 
operate r.  .  .  .  Thcro  is  a  general  confusion  of  ideas  anionp  makers 
as  to  what  i-Dnstitutos  a  '  luKh-otVuMoney  tube.'  Soino  are  satiHliod 
witb  a  dispbiy  of  tbf  bones  of  tlic  hand.  Very  few  niakiTS  or 
expert  operators  really  know  the  full  capabilities  of  a  superb  tube, 
for  few  have  seen  them  developed.  Connnon  tubes  of  ordinary 
vacuum  are  now  plentiful.  They  will  t,dow  with  coIIh  p^ivin^  from 
'2-in.  to  C-in.  sparks,  and  ^Tatify  tlie  wayfaring  man,  who  is 
amazed  to  see  his  own  bones ;  or  they  will  produce  negatives  of 
even  the  trunk  of  the  body  in  the  courHO  of  time.  These  ordinary 
effects  are  of  bjit  insigniticant  value  in  diagnosiH.  Tubes  suited 
to  larger  coils  giving  10-in.  to  12in.  sparks  may  also  easily  be 
obtained.  Double  focus  tubes  and  alternating  currents  are  also 
available,  and  are  often  regarded  as  exceptionally  eflicient.  ^Vhen 
these  tubes  are  purchased  by  physicians  who  have  static  machines 
and  have  read  that  they  can  be  used  to  produce  X  ray  effects,  the 
result  is  almost  invariably  disappointing.  To  explain  why  this  is 
so,  and  to  enable  medical  users  of  Crookes  tubes  to  employ  their 
own  apparatus  successfully,  are  the  objects  of  this  paper.  \Vhen 
the  bulb  of  a  tube  is  of  a  proper  convexity  it  will  throw  rays  upon  a 
screen  held  at  many  feet — 10,  or  even  20— from  the  tube  itself. 
Such  a  rounded  convexity  is  required  to  make  fluoroscopic 
examinations  through  thick  bodies,  for  if  the  bulb  is  acutely  oval 
the  rays  will  quickly  converge,  and  the  maximum  of  efficiency  fades 
at  once  within  a  very  few  inches  of  the  tube.  If  the  internal 
electrodes  are  too  far  apart  or  too  near  together  they  impair  the 
effect.  The  space  between  them  best  suited  to  the  large  Holtz 
machine  is  3  in.,  with  a  margin  of  \  in.  either  way,  according  to  the 
size  of  the  tube. 

Very  small  or  very  large  tubes  are  unsuited  to  static  machines 
as  a  rule,  altliough  the  construction  and  vacuum  may  be  so  well 
adapted  to  this  current  as  to  make  exceptions  of  special  tubes. 
Medium  sizes  have  been  the  best  that  I  have  seen.  When  the 
external  terminals  of  a  tube  are  connected  directly  to  the  prime 
conductors  of  a  Holtz  machine,  we  have  an  immediate  and  infallible 
test  of  the  vacuum.     WTiat  the  correct  vacuum  should  be  cannot  be 
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stated  in  terms  of  fractions  of  an  atmosphere,  but  the  demonstra- 
tion of  its  do;,M-co  is  as  absohite  asinatlioraatics.  If  it  is  a  very  low 
vacmnn  the  elfctrical  dischar^'e  will  pass  in  a  bluish  stream 
between  the  electrodes,  and  no  luminosity  will  glow  in  the  tube. 
If  it  is  a  little  lii^'her  vacuum  the  visible  blue  stream  will  disappear, 
and  in  proportion  as  the  vacuum  rises  the  green  glow  will  increase 
in  brightness.  At  the  same  time  the  spark  stream  between  the 
prime  conductors  is  also  indicating  the  vacuum  to  be  very  low,  or 
some  degree  between  very  low  and  verj'  high. 

A  current  will  pass  through  conductors  in  the  direction  of  least 
resistance.  If  the  vacuum  is  low  its  resistance  may  be  so  small 
that  it  may  equal  only  a  small  fraction  of  an  inch  of  air  gap.  A 
vacuum  so  high  that  a  6-in.  spark  coil  will  send  nothing  through 
it  may  demonstrate  no  more  than  a  2-in.  spark  stream  between 
static  poles.  A  suitably  high  vacuum  should  force  back  by  its  re- 
sistance at  least  1^  in.  to  2  in.  of  spark  stream.  The  green  glow 
in  the  tube  will  then  be  exceedingly  bright,  and  x  rays  can  be 
developed  of  very  high  etMciency.  No  tube  that  does  not  furnish  this 
demonstration  is  adapted  to  large  static  machines,  and  if  physicians 
will  ascertain  the  facts  before  buying  tubes  they  can  avoid  both 
disappointment  and  expense. 

The  outer  terminals  of  a  proper  static  tube  nmst  be  about 
10  in.  apart,  and  attachment  to  machine  should  be  made  with 
insulated  wire  of  about  No.  18  in  size,  as  the  fine  wires  so  often 
employed  sway  too  readily  and  leak  off  ihe  current  when  the 
attraction  of  opposite  polarities  brings  them  near  together. 

I  have  kept  a  written  history  of  the  behaviour  of  thirty  tubes, 
tested  in  recent  months,  in  my  office.  A  tube  of  lower  vacuum 
than  it  should  possess  for  convective  discharge  excitation  will 
produce  efficient  ^  rays  when  the  oscillating  static  current  is  used 
with  small  Leyden  jars.  The  maximum  of  steadiness  and  radiance 
can  be  found  by  short-circuiting  the  poles  and  then  gradually 
drawing  them  several  inches  apart  until  the  best  effect  is  developed. 
The  plates  of  the  machine  should  revolve  as  rapidly  as  is  consistent 
with  safety.  This  method  is  open  to  objections.  It  is  noisy,  and 
the  oscillations  try  the  eyes.  It  sets  up  some  heat  in  the  tube,  but 
very  little  as  compared  with  the  street  current.  The  convective 
method  is  preferable.     Wiien  the  vacuum  is  just  right  the  terminals 
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may  be  attachod  directly  to  the  prime  conductors  of  the  static 

1       '      I     witiioiit    oiiiployiug    iiiiy    jarn,    coil,    or    other    device. 
I  '    till)  pltitiK  rapidly,  tind  on  ditiwingthe  polcH  apart  tlie  tube 

will  instantly  li^ht  up  with  the  brilliant  f^'^^en  phosphoresconce  so 
familiar  now  to  all.  If  tho  rlectrodoH  aru  in  proper  relation  all  the 
current  will  bo  foeuHKed  upon  tho  anode,  and  tho  bulb  will  appear  in 
twin  diagonal  hcmiMpheres — one  in  eclipse  and  tho  other  luminous 
as  the  sheen  of  a  strong  li^^ht.  If,  now,  tho  hand  is  examined 
throuj^h  tho  Huoroscope,  the  bones  that  were  merely  a  black 
shallow  with  a  tube  of  low  elliciency  will  bo  nearly  as  white  and 
transparent  as  the  soft  parts.  The  beautiful  mechanism  of  the 
wrist  joint  will  appear  in  clear  detail.  A  f,'roup  of  metallie  objects 
on  tho  back  of  a  pine  board  will  show  through  books  of  2,500 
paf^es,  or  a  heavy  brass  tray,  such  as  I  use  for  a  foot-plate 
with  my  static  machine.  \Vhen  a  tube  does  this,  I  know  it  is  a 
good  tube.  By  further  art  of  management,  such  as  all  tubes  require, 
efliciency  can  be  still  furtlier  developed,  and  demonstrate  the  ribs, 
the  spinal  vertebra;,  the  movements  of  the  heart,  and  all  other 
effects  so  far  attained  by  any  operator  with  any  means.  The  tube 
does  not  overheat,  and  there  is  no  apparent  tax  upon  it  or  limit  to 
the  time  it  may  be  run  ut  full  power.  It  does  not  break  down 
under  strain,  and  it  cannot  be  overloaded.  The  convectivc  cuirent 
makes  no  noise.  The  glow  of  the  tube  is  as  steadfast  and  unwaver- 
ing as  moonlight  in  an  unclouded  sky.  This  economy  in  the 
durability  of  tubes  is  a  factor  of  great  importance  beyond  the  first 
cost  of  the  tube,  for  a  tube  that  has  proven  its  high  worth  and  ex- 
ceptional capacity  is  priceless.  Money  alone  will  not  replace  it  if 
it  is  injured  or  broken.  Moreover,  none  of  the  alleged  injurious 
effects  of  X  rays,  reported  hastily  and  with  more  or  less  sensation, 
are  caused  by  the  static  current.  It  seems  well-nigh  impossible 
that  alopecia  and  dermatitis  should  be  attributed  to  x  rays  by 
practical  medical  observers  ;  but  as  they  have  been  so  attributed, 
and  no  one  has  yet  (December  15,  1896)  pointed  out  the  error  of 
this  view,  the  simple  fact  may  here  be  stated  that  these  electrical 
or  heat  effects  which  resemble  sunbm-n  result  from  the  action  of 
heavy  currents  operating  large  coils,  and  are  not  due  to  x  rays. 
Kontgen's  classical  report  contained  the  statement,  '  The  rays 
have  no  calorific  effects,'  and  I  am  not  aware  that  any  one  has  yet 
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shown  Rontgen  to  be  mistaken,  and  the  static  current  is  not 
electrolytic.  The  advantages  of  safety,  facility,  lite  of  tube,  comfort 
in  operating,  absence  of  heat  elTects,  and  stability  of  tlie  radiance 
are  among  those  afforded  the  physician  by  the  static  machine. 
The  <iuestions  of  cost  and  availability  are  also  to  be  considered. 
When  no  tube  was  nuido  that  would  operate  well  with  a  static 
nuichine,  the  coil  was  obligatory,  but  the  large  coil  outfit  cannot  be 
used  by  the  physician  in  medical  practice,  and  is  a  useless  luxury 
when  not  producing  x  rays. 

The  superior  value  of  an  otlice  or  hospital  equipment,  costing 
no  more  than  an  approximately  effective  coil  outfit  and  capable  of 
a  wide  range  of  therapeutic  uses,  is  self-evident.  Such  an  equip- 
ment is  to  be  found  in  the  improved  Holtz  machines  now  made. 
This  type  of  electrical  apparatus  can  be  operated  by  the  surgeon  or 
general  practitioner  or  specialist  far  more  readily  than  can  galvanic 
or  faradic  batteries  in  their  therapeutic  work.  Instruction  in  its 
management  can  as  readily  be  procured  as  instruction  in  the  use 
of  any  medical  or  surgical  apparatus.  But  its  double  advantage  of 
value  to  the  physician  in  two  fields  instead  of  the  single  utility 
possessed  by  the  Rhumkorff  or  Tesla  coil  would  not  suffice  to  dis- 
place the  coil  if  the  latter  was  much  the  most  effective  in  x  ray  work. 
The  time  is  nearly  at  hand  when  leading  hospitals  and  physicians 
throughout  the  comitry  will  be  deemed  behind  the  age  if  they  are 
not  prepared  to  employ  this  aid  to  diagnosis.  It  is,  therefore, 
important  to  point  out  the  satisfactory  fact  that  electro-therapeutics 
and  the  maximum  of  x  ray  efficiency  are  obtainable  with  the  same 
apparatus — to  wit,  the  static  machine.  I  am  aware  that  nearly  all 
the  weight  of  authoritative  utterance  up  to  this  date  is  against  this 
conclusion. 

Nevertheless,  I  have  never  failed  to  demonstrate  its  accuracy 
since  I  have  been  able  to  procure  tubes  made  partly  after  my  own 
suggestions  and  adapted  to  the  static  apparatus.  The  whole  matter 
lies  in  adapting  the  tube  to  the  apparatus,  and  not  the  apparatus  to  the 
tube.  When  this  is  successfully  done,  the  demonstration  of  superior 
efficiency  is  complete. 

I  recently  showed  certain  effects  to  an  expert  maker  of  Crookes' 
tubes,  and  asked  him  what  a  coil  would  cost  which  would  produce 
equal  effects.     His  reply  was  emphatic,  that  '  no  such  coil  could  be 
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bonpht  ftt  any  price,  not  even  for  a  thouRand  dollars.'  On  another 
Dccuhiou  another  leading'  maker  Htood  in  open-eyed  antoniKhtnent 
before  a  tube  in  my  oOico  which  was  excited  by  my  eif^ht-plate, 
80-in.  Holt/  machine.  The  platcB  wore  run  at  hi^h  Hpeed  by 
an  electric  motor,  and  tlie  screen  ^dowed  aH  if  Ktrivinjj  to  burst  into 
incandescent  li^dit.  He  had  seen  the  best  effects  jiroducod  in  the 
laboratorioH  of  distin^uisliod  electricians,  and  he  was  an  accurate 
judge  of  prof^rcBsivo  advances  in  this  field.  He  not  only  came  to 
my  ofl'ice  pndisposcd  in  favour  of  coils,  but  had  been  infoniifd  by 
world-renowned  authorities  that  tlio' static  machine  would  break 
tubes  and  was  inferior  to  the  poorest  coil.'  Without  a  word  of 
arj^ument  on  my  part  he  gazed  at  the  to  him  marvellous  radiance 
so  easily  and  instantly  produced  in  his  own  tube,  wliicli  his  own 
coil  would  not  excite  at  all,  and  made  the  following  remark  in  a 
deliberately  impressive  manner  :  '  I  now  see  that  the  best  way  to 
excite  a  Crookes  tube  is  with  the  static  machine.  No  coil  will 
equal  it.' 

§  1().  To  these  remarks  of  J)r.  Moiiell  the  author 
can  add  but  little.  It  is,  however,  to  be  noted  that 
though  the  Holtz  machine  is  undoubtedly  an  excellent 
machine,  and  one  that  lends  itself  remarkably  well  to 
the  purposes  of  a  })liysician  who  use^  it  f')r  therapeutic 
as  well  as  for  X  ray  work,  yet  it  certainly  is  not  superior 
to  the  Wimshurst  machine  for  X  ray  work  pure  and 
simple.  The  chief  defect  of  the  Holtz  is  the  ease  with 
which  it  loses  its  charge,  and  the  difficulty  of  starting 
it  again  if  atmospheric  conditions  be  at  all  unfavourable. 
In  fact,  Dr.  Monell  himself,  in  order  to  ensure  certain 
starting  of  his  Holtz  machine  in  all  weathers,  has  adopted 
a  small  Wimshurst,  inside  the  main  case,  to  act  as  a 
*  charger.'  '  Dr.  Monell's  machine  is  an  eight-plate,  30  in. 
diameter   machine.      The   author,   with   a    Wimshurst 

'  See  page  123  of  Dr.  Monell's  Static  Electricity. 
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havinp;  a  single  pair  of  21  in.  ebonite  plates,  each  having 
thirty-two  sectors,  has  been  able  to  do  all  the  X  ray  work 
described  by  Dr.  Monell,  and  even  to  brightly  fluoresce 
certain  tubes  of  excessively  high  vacuum,  which  were  not 
amenable  to  the  efforts  of  a  coil  giving  a  12  in.  spark. 
The  peculiarity  in  this  case  was  that  the  coil  gave  quite 
easily  a  12  in.  spark ;  it  did  not  cause  the  tube  to  fluoresce  ; 
while  the  Wimshurst,  which  gave  barely  an  8  in.  spark 
in  air,  between  the  spark  gaps  (see  §  39,  latter  half) 
caused  the  same  tube  to  fluoresce  brilliantly.  Making 
every  allowance  for  personal  equation,  and  for  the 
manipulatory  dexterity  which  each  individual  who  is 
accustomed  to  use  any  given  type  of  machine  acquires, 
it  may  be  safely  affirmed  that  any  good  static  machine 
that  is  capable  of  giving  a  virtually  continuous  discharge 
in  one  direction,  with  an  E.M.F.  of  not  less  than  300,000 
volts,  is  capable  of  giving  satisfactory  results  in  X  ray 
work,  and  will  be  found  superior  to  the  induction  coil  in 
almost  every  regard. 
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FLUORESCENT  SCREENS 

§  17.  The  attention  both  of  Professor  Lenard  and 
of  Doctor  Conrad  W.  Pontgcn  was  first  drawn  to  the 
pecuHar  j)roperties  of  the  X  rays  by  the  fact  that  certain 
fluorescent  bodies  were  caused  to  glow  by  the  efifect  of 
the  said  rays  acting  upon  the  said  bodies,  even  after  the 
rays  had  passed  through  substances  wliich  are  opaque 
to  ordinary  light.  A  very  large  number  of  bodies  are 
known  to  be  fluorescent,  or  to  become  phosphorescent 
under  the  influence  either  of  light,  heat,  or  electricity  ; 
and  several  of  these  fluoresce  as  a  result  of  the  action 
uf  the  Kontgen  rays.  That  indefatigable  worker, 
T.  A.  Edison,  has  subjected  to  careful  trial  about  1,800 
of  the  more  important  phosphorescent  and  fluorescent 
bodies,  of  which  we  append  a  condensed  list. 

List  of  Fluorescent  Bodies 

yEsculine 

Ammonium  Platinocj'anide 

Barium  Platinocyanide  * 

„        Sulphate 

„        Sulphide  * 
Boracic  Acid 
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Calcium  Fluoride  (Flnor  Spar) 

,,         riatinocyaiiidu  * 

„         Sulphate  (Selenite)  * 

„         Sulpliide  • 

,,         Tunf^state  * 
Chlorophyll 
Corundum 

Curcuinino  (from  Turmeric) 
Daturine  (from  tlie  Tliorn  Apple) 
Fluoresceine  (Resorcin  Phthalate) 
Gelatino-bromide  emulsion 
Glass 
Mica  * 
Obsidian 

Pentadecjl-paratolyl-ketone 
Potassium  Acetate 

„  Platinocyanide  * 

Quinine  Sulphate 

„        various  other  salts 
Strontium  Platinocyanide* 
„  Sulphate 

„  Sulphide 

Succinic  Acid 
Uranium  Fluoride  * 

„         Glass 

„         Sulphate  * 

Those  marked  *  fluoresce  and  phosphoresce  after 
direct  exposure  to  the  light  eraitted  by  the  electric  dis- 
charge, even  if  it  be  as  feeble  as  that  resulting  from  an 
ordinary  Geissler  tube. 

§  48.  Of  these,  however,  there  appear  to  be  only  three 
groups  of  salts  which  possess  the  property  of  fluoresc- 
ing with  sufficient  brilliancy,  under  the  influence  of  the 
X  rays,  to  render  them  of  any  practical  service  in  the 
construction  of  screens  for  this  work.     In  order  to  avoid 
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SLuy  misconception,  it  inuHt  Im  understood  that  in  the 
folloNviii|4  |)aj»eH  the  word  'fluoresce'  will  he  used  to 
express  that  quality,  possessed  hy  certain  IxKlies,  of  so 
altcrinj^  the  vihration  rate  of  certain  ^iven  undulations 
(which  do  not  normally  afiect  the  human  eye)  as  to 
change  them  into  ordinary  lij^ht  rays,  and  thus  render 
them  porcoptihle  to  our  visual  sense.  For  instance,  if, 
hy  any  of  the  means  indicated  in  the  last  chapters,  we 
set  a  Crookes  tube  in  action,  and  then  hold  a  purse, 
or  a  w«)oden  hox,  containinf^  coin  or  other  metallic 
bodies,  between  the  tube  and  our  eye,  we  shall  not 
be  able  to  perceive  the  contained  objectn,  allhou^di  we 
may  know  (by  takin*^  a  i)hotof:jraphic  picture)  that 
undulations  of  some  kind  are  actually  traversing  the 
substance  of  the  purse  or  the  box.  But  if  between  the 
ohject  and  the  eye  we  place  a  cardboard  screen,  the 
surface  of  which  has  been  dusted  over  with  a  fluorescent 
substance,  we  shall  immediately  be  able  to  see  not  only 
throufjh  the  cardboard,  but  also  throuph  the  purse  or 
box  (which  are  transparent  to  the  undulation),  and 
thus  recopjnise  the  presence  of  the  coin  or  other  metallic 
articles,  which  being  opaque  to  the  same  undulations 
prevent  their  passage,  and  consequently  their  conversion 
into  ordinary  light. 

§  49.  Among  the  salts  which  give  practically  useful 
results  when  made  up  into  screens,  only  three  will  be 
mentioned  here.  The  first  and  most  generally  useful  is 
harium  i^latinocyanide.  Owing  to  the  high  price  of 
platinum  this  is  an  expensive  salt,  and  can  be  obtained 
more  cheaply  from  chemists  who  deal  in  the  salts  of  the 
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precious  metals  than  it  can  be  made  by  the  inexperienced 
amateur.  Still,  as  the  fluorescent  property  is  very  closely 
allied  to  the  perfection  of  the  crystalline  condition  of  the 
salt,  the  following  instructions  for  the  preparation  of 
barium  platinocyanide,  by  a  process  which  has  given 
satisfaction,  may  be  useful. 

Finely  powdered  platinum  black  is  mixed  with  twice  its 
weight  of  dried  potassium  ferrocyanide,  and  then  sub- 
jected to  a  low  red  heat  in  a  Hessian  crucible.  The 
resulting  mass,  when  cold,  is  lixiviated  with  pure  water. 
The  solution  contains  potassium  platinocyanide ;  '  from 
this,  mercurous  platinocyanide  is  prepared  by  the  addi- 
tion of  mercurous  nitrate,  which  throws  down  a  cobalt 
blue  precipitate.  This  changes,  when  heated  in  the 
fluid,  to  white,  and  is  then  pure  mercurous  platino- 
cyanide. This  salt,  acted  on  by  sulphuretted  hydrogen 
(hydrogen  sulphide),  fields  a  precipitate  of  mercurous 
sulphide,  the  supernatant  fluid  being  platinocyanic  acid. 
If  to  this  slaked  baryta  be  added  cautiously  until  the 
acid  will  no  longer  dissolve  the  baryta,  the  solution 
liltered  and  set  aside  to  crystallise,  a  crop  of  fine,  bold 
crystals  of  a  beautiful  greenish-yellow  colour  will  be 
obtained.  These  must  be  carefully  dried  (not  by  artifi- 
cial heat)  on  bibulous  paper,  and  preserved  for  use  in  a 
wide-mouthed  stoppered  bottle.  Although  powdering  the 
crystals,  when  they  are  once  formed,  does  not  appear  to 
have  any  seriously  detrimental  etfect  on  their  fluorescent 

'  This  salt  is  itself  highly  fluorescent,  and  can  be  crystallised  from 
the  above  solution  in  the  form  of  thin  plates,  yellowish  metallic  by 
transmitted,  and  blue  by  reflected  light. 
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property,  there  is  uo  doubt  that  the  liner  and  the  more 
perfect  the  cryKtals  are  in  the  Ih-st  instance,  the  more 
satisfactory  will  be  their  working  capabilities  when  made 
up  into  a  screen. 

§  50.  The  next  tluorescent  body  to  wliich  we  will  direct 
the  reader's  attention  is  rulcimn  tun(ist(ttc.  Calcium 
tungstato  is  found  in  nature  as  the  mineral  '  scheelite,' 
and  occasionally  in  a  very  pure  and  crystiilline  form,  in 
the  shape  of  colourless,  transparent  octahedra  having 
considerable  lustre.  If  the  reader  is  fortunate  enough 
to  secure  a  good  crystalline  and  clean  sample  of  scheelite, 
such  as  may  be  occasionally  met  with,  he  will  have  the 
material  for  a  good  screen  (specially  serviceable  for  use 
witli  photographic  plates  and  films),  but  among  several 
dozens  of  samples  of  native  scheelite  that  have  been 
subjected  to  the  author  for  examination  only  one  was 
really  excellent,  and  this  was  so  good  as  to  be  nearly  if 
not  quite  equal,  even  fur  direct  vision  work,  to  barium 
platinocyanide.  According  to  T.  A.  Edison,  who,  as 
already  mentioned,  has  instituted  a  series  of  most  pains- 
taking experiments  on  this  subject,  a  cliemically  prepared 
calcium  tungstate,  made  as  recommended  in  the  follow- 
ing recipe,  gives  results  which  he  estimates  as  being 
eifjht  times  as  good  as  those  obtainable  with  barium 
platinocyanide.  (The  author  must  admit  that  he  has 
not  hitherto  succeeded  in  obtaining  such  good  results 
visually ;  this  may  depend  on  some  difiference  in  the 
proportions  used.)  The  i^rocess  which  has  given  the 
above-mentioned  results  is  as  follows :  290  parts  (by 
weight)  of  carefully  dried  sodium  tungstate,  reduced  to 
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fine  powder,  are  mixed  with  111  parts  of  dry  calcium 
chloride  and  58*5  parts  of  common  salt  (sodium 
chloride)  also  carefully  dried.  The  mixture  is  placed  in 
a  suitable  crucible,  and  heated  in  a  furnace  until  the 
whole  is  reduced  to  a  fluid  condition.  'J'he  crucible  is 
then  withdrawn,  and  allowed  to  cool  gradually.  When 
quite  cold  the  resultiiif^  mass  is  lixiviated  with  cold 
water,  which  dissolves  out  the  sodium  chloride  (which  is 
the  only  other  result  of  the  operation),  and  leaves  the 
calcium  tungstate  in  the  form  of  fine  glistening  crystals. 
(Success  seems  to  depend  on  the  perfection  of  the 
crystalline  state.)  These  crystals,  after  being  separated 
from  the  sodium  chloride  solution  by  filtration  and 
subsequent  washing  on  the  filter  with  water  to  remove 
all  traces  of  chloride,  are  allowed  to  dry  thoroughly,  and 
then  sifted  through  a  sieve,  the  meshes  of  which  must 
not  be  less  than  thirty  to  the  linear  inch  (900  to  the  square 
inch).  These  should  be  preserved  for  use  in  a  wide- 
mouthed  stoppered  bottle.  The  above  mode  of  prepara- 
tion appears  to  have  given  very  good  results.  Another 
method  of  obtaining  good  bold  crystals  is  to  precipitate 
the  calcium  tungstate  from  the  sodium  tungstate  solu- 
tion by  means  of  any  soluble  calcium  salt,  such  as  the 
chloride,  the  nitrate,  &c.,  and  having  filtered  and  washed 
the  precipitate,  to  allow  the  resulting  calcium  tungstate 
to  dry  thoroughly ;  and  then,  having  mixed  it  with  an 
excess  of  powdered  borax,  to  fuse  it,  at  a  strong  red  heat, 
in  a  Hessian  crucible.  The  heat  should  be  maintained 
for  some  time  and  the  fire  gradually  withdrawn,  so  as  to 
allow  the  contents  of  the  crucible  to  cool  slowlv.     The 
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resulting  mass  shouhl  tlicii  lio  tnuitcd  witli  wutur,  which 
dissolves  out  the  honix,  leavin}^  the  calcium  tun^state  in 
distinct  crystals.  These  should  be  washed,  dried,  iind 
stored  as  before  for  use. 

§  51.  Uranium  lluoride  appears  to  form  a  good  basis 
for  fluoroscopic  screens.  To  prepare  this  salt  a  solution 
of  100  «;nuns  of  ammonium  fluoride  should  be  made 
in  Hs  little  boiliu}^  water  as  will  dissolve  it.  In  like 
manner  a  saturated  solution  of  100  grains  of  crystallised 
uranium  nitrate  in  boiling  water  should  also  be  made 
up.  The  two  solutions  should  then  be  mixed  and  once 
again  brought  to  the  boiling-point  in  a  glass  flask ;  the 
resulting  solution  should  then  be  set  aside  to  crystallise 
in  a  clean  porcelain  dish.  The  mother  liquor,  that  con- 
sists principally  of  ammonium  nitrate  solution,  should 
be  poured  off  from  the  resulting  crop  of  crystals,  which 
must  be  allowed  to  dry  in  a  current  of  air  without  the 
application  of  artificial  heat.  "When  dry,  they  should  be 
carefully  preserved  in  a  stoppered  bottle. 

There  is  another  method  of  preparing  this  salt,  which, 
although  somewhat  more  tedious,  gives  a  purer  product, 
altogether  free  from  ammonium  nitrate.  This  consists  in 
making  uji  a  saturated  solution  of  uranium  nitrate  in 
water  (400  grains  to  ^  oz.  of  water),  and  also  of  am- 
monium fluoride  (about  200  grains  in  1  oz.  of  boiling 
water).  About  half  of  the  ammonium  fluoride  solution 
should  now  be  added  to  the  uranium  solution,  and  the 
mixture  agitated.  A  little  sulphur-coloured  precipitate 
will  form,  which  will  be  all,  or  nearly  all,  redissolved  on 
agitation,  especially  if  the  mixture  be  heated  in  a  flask. 
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When  this  has  taken  place  the  remainder  of  the  am- 
monium rtuoride  soUition  is  to  be  added,  as  long  as  the 
addition  causes  a  precipitate.  The  mixture  is  then 
filtered  and  the  sulphur-coloured  powder  collected.  The 
filtrate  may  be  again  tested  with  ammonium  fluoride 
solution  to  see  whether  further  addition  still  throws 
down  any  of  the  uranium  fluoride.  All  the  precipitates 
should  be  collected  on  the  filter,  allowed  to  drain 
thoroughly,  then  redissolved  in  the  smallest  possible 
quantity  of  boiling  water, •  and  finally  set  aside  to 
crystallise  in  a  cool,  dry  place  free  from  dust.  The 
resulting  crystals  should  be  collected,  dried  from  the 
mother  liquor,  and  preserved  for  use  as  before  recom- 
mended. 

§  52.  There  are  two  or  three  substances  which, 
although  of  comparatively  little  service  for  fluoroscopic 
use  by  themselves  J  do  undoubtedly  enhance  the  fluorescing 
power  of  others  when  used  in  conjunction  with  them. 
Two  of  these  deserve  special  notice  here — viz.  mica  and 
calcium  sulphide. 

Mica  or  talc  is  a  natural  magnesium  silicate,  and  is 
now  largely  employed  as  an  insulator  for  dynamo  com- 
mutators, &c.  The  w^aste  pieces  are  ground  up  into 
rather  fine  powder  and  sold  under  various  fanciful 
names,  such  as  '  Arctic  snow,' '  Polar  flake,'  &c.  as  a  glis- 
tening decoration  to  imitate  the  effect  of  snow  or  hoar- 
frost on  Christmas  fancy  goods.  This  powder,  if  put 
through  a  sieve  having  about  800  meshes  to  the  square 

'  One  part  of  the  uranium  fluoride  is  soluble  in  eight  parts  of  boiling 
water. 
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inch,  will  l)u  found  very  serviceable  to  mix  with  other 
bodies  in  the  formation  of  (hioroHcopic  screens. 

Calcium  Huli)hide  has  long  been  known  to  possess 
phosphorescent  properties,  and  is  the  basis  of  *  Canton's 
phospliorus  '  and  of  l^almain's  'luminous  j)aint.'  The 
nuuU'of  preparation  inlluences  very  much  the  tluoreseent 
and  plu)sphorescent  properties  of  the  resulting  calcium 
sulphide,  probably  in  consequence  of  some  slight  dif- 
ference in  molecular  arrangement.  The  old-fashioned 
recipe  which  follows  gives  very  good  results :  Mix  3  oz. 
of  clean  oyster  shells,  previously  carefully  powdered 
and  sifted  through  a  lawn  sieve,  with  1  oz.  of  flowers  of 
sulphur.  When  intimately  combined,  ram  the  whole 
very  tightly  into  a  crucible.  Lute  a  cover  on  the  crucible 
with  a  little  moist  clay.  Place  the  crucible  in  a  clear 
red  lire  and  let  it  get  red-hot  throughout ;  leave  it  in 
the  fire  for  half  an  hour.  Withdraw,  and  allow  the 
crucible  to  become  quite  cold,  remove  the  luting  and 
cover,  and  place  the  contents  in  a  stoppered  bottle.  For 
use,  the  resulting  calcium  sulphide  must  be  finely 
powdered  in  a  glass  mortar  and  passed  through  a  fine 
lawn  sieve. 

§  53.  Having  now  a  stock  of  the  materials  we  can 
pass  to  the  preparation  of  the  screen  itself.  Screens 
may  be  divided  into  tlu'ee  classes :  first,  those  intended 
for  direct  vision  only ;  secondly,  those  which  are  specially 
intended  for  use  in  conjunction  with  photographic  plates 
in  the  production  of  radiographs  ;  and,  thirdly,  those 
which  serve  fairly  well  for  both  purposes. 

To  the  first  class  belong  screens  made  with  barium 
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platinocyanide,  with  calcium  tungstate  (or  calcium 
tungBtate  and  mica),  and  with  uranium  fluoride.  Of 
these,  there  is  no  douht  that  the  harium  jjlatinocyanide 
is  the  hest,  although  good  samples  of  calcium  tungstate 
run  it  very  close.  Uranium  fluoride  (also  known  as 
Dr.  Melckeheke's  salt)  is  good,  but  decidedly  inferior  to 
the  calcium  tungstate. 

For   the   preparation   of  screens  of  this   class   the 
operator  should  procure  a  sheet  of  good  white  Bristol 


Fig.  30. — Spreading  Gum-Water. 


board.  This  should  be  thick  enough  to  be  ahsolately 
opaque  to  ordinary  light,  and  should  be  tested  to  this 
end  by  holding  up  in  strong  sunlight,  with  the  hand  or 
other  opaque  body  behind.  A  very  convenient  size  for 
surgical  work  is  12  in.  by  9  in.,  but  a  screen  9  in.  by  6  in. 
will  be  found  large  enough  for  general  purposes.  The 
sheet  having  been  cut  to  the  desired  size  is  pinned  on  a 
perfectly  flat  drawing-board  by  its  four  corners.  If  cal- 
cium tungstate  is  to  be  used,  a  sufficient  quantity  should 
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be  placed  close  at  hand  witli  a  line  wire  <;aiize  Kiove.  A 
small  pool  (about  as  lari;e  as  a  crown  piece)  of  ^ood  ^m\\- 
water  should  now  bo  poured  on  the  centre  of  the  sheet 
of  cardboartl  and  (juickly  spread  over  its  surface  by 
means  of  a  pilass  rod  or  tube,  bent  twice  at  rij^bt  anp(les, 
as  shown  at  lij;.  JiO.  Any  excess  of  j^um-water  should 
now  be  swept  olT  the  surface  of  the  cardboard  by  one 
clean  sweep  of  the  tube  from  corner  to  corner,  avoiding 
the  formation  of  air  bubbles  by  taking  care  not  to 
lift  the  tube  durin;^  the  stroke.  The  operator  then 
quickly  wipes  otf  tlu;  excess  of  mountant  (gum-water) 
which  may  have  been  swept  on  the  drawing-board  with 
a  clean  soft  rag,  and  then  immediately  sifts  some  of  the 
calcium  tungstate  all  over  the  gunnned  surface,  taking 
care  to  sift  evenly  and  (piickly,  so  as  to  get  an  even 
covering  before  the  gum  has  time  to  dry.  When  he  has 
covered  the  screen  equally  all  over  to  his  satisfaction,  he 
tilts  the  drawing-board  on  edge  over  a  sheet  of  paper, 
and  taps  the  board  to  remove  excess  of  non-adherent 
calcium  tungstate.  If  too  much  gum-water  has  been 
allowed  to  remain  on  the  surface  of  the  cardboard,  the 
resulting  coating  of  calcium  tungstate  will  be  too  thick, 
and  will  be  rather  opaque  to  the  rays ;  on  the  other 
hand,  if  too  little  gum  remains  on  the  surface  of  the 
cardboard,  or,  worse,  if  the  gum  be  allowed  to  soak  in 
and  dry  in  places,  the  screen  will  be  patchy  and  thin  in 
places.  The  best  screen  is  undoubtedly  one  on  which  a 
thin  but  even  coating  of  calcium  tungstate  is  spread. 
For  direct  vision  work  it  will  be  found  very  advantageous 
to   mix   intimately   half   a    part    by  measure    of  finely 
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l)owdert'd  niica  to  one  part  by  measure  of  calcium  tung- 
state. 

§  54.  In  the  preparation  of  screens  with  harium 
platinocj/aiddi',  witli  unuiiiun  flnonde^  &c.,  as  these  salts 
are  to  some  small  degree  soluble  in  gum-water  (and 
consequently  the  perfection  of  the  crystalline  form  is  to 
some  extent  impaired  if  this  is  used  as  a  mountant),  it  is 
better  to  use  either  megilp  (as  sold  by  artists'  colourmen) 
or  celluloid  dissolved  in  amyl  acetate.  In  this  case  it 
is  well  to  give  the  Bristol  board  a  preliminary  coating  of 
gelatine.  For  this  purpose  about  5  grains  of  gelatine 
(Nelson's  *  Amber '  does  very  well)  are  allowed  to  soak  in 
1  oz.  of  cold  water,  and,  when  well  swollen  up,  heated  until 
the  gelatine  dissolves.  This  mixture  is  laid  evenly  on  the 
cardboard  with  a  large  soft  brush.  When  this  coating 
is  ^perfectly  dry,  the  megilp  (or,  if  preferred,  the  celluloid 
solution)  is  applied  to  the  prepared  surface  precisely  as 
directed  for  the  gum-water  in  the  foregoing  recipe,  with 
these  additional  precautions :  first,  in  the  case  of  the 
celluloid  solution,  to  avoid  the  proximity  of  flame,  lights, 
or  fire,  as  the  vapour  is  highly  inflammable ;  and, 
secondly,  to  apply  the  fluorescent  salts  as  quickly  as 
possible  to  the  sticky  surface,  as  the  solutions  both  dry 
off  very  rapidly.  The  powder  should,  as  before  advised, 
be  sifted  over  the  prepared  surface.  Some  operators 
recommend,  in  case  of  uneven  patches  arising  in 
consequence  of  partial  drying  of  the  prepared  surface, 
that  these  spots  should  be  again  moistened  with  the 
mountant,  and  fresh  salt  rubbed  in  with  the  finger. 
Such  a  mode  of  procedure  is  not,   however,   likely  to 
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proiliur  ail  (Vt'ii  screen ;  hence  f:;reat  care  bIiouIcI  bo 
taken  at  the  outset  to  hiy  on  an  even,  tliin  coating  of 
mountant,  and  tlun  innnediately  to  sift  an  even  and 
equally  tlilTuscd  layer  of  the  fluorescent  salt  over  the 
entire  surface. 

§  55.  The  screens  heretofore  described  arc  intended 
for  direct  vision  work,  and,  for  convenience  of  handlinf^', 
sliould  be  mounted   in   a  lij^ht  wooden  frame,  as  shown 


Fig.  31.— Frame  for  Screen. 

in  our  fig.  31.  The  frame  having  been  laid  flat 
on  a  table,  the  screen,  with  the  prepared  side  down- 
wards, is  laid  over  it  so  as  just  to  cover  the  opening 
squarely  and  extend  about  ^  in.  all  round  beyond. 
Over  this  are  then  laid  four  thin  wooden  cleats  (fig.  32)^ 
which  are  secured  in  position  by  a  round-headed  screw 
at  each  corner,  and  one  at  the  centre  of  each  cleat.     By 
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this  means,  not  only  is  the  screen  held  securely  in  its 
place,  but  it  is  also  protected  from  being  soiled  or 
injured,  when  laid  down,  by  the  heads  of  the  screws.  It 
must  be  remembered  that  when  using  the  screen  the 
prepared  surface  must  be  presented  to  the  eye,  the  object 
to  be  examined  being  placed  close  against  the  ^^/a/zi 
surface.  To  protect  the  prepared  surface  of  the  screen 
from  dust  or  abrasion,  it  is  well  to  cover  it  with  a  sheet 
of  transparent  celluloid.  It  is  sometimes  a  great  assist- 
ance, in  examining  bodies  in  which  there  is  noi  much 
differentiation    in   texture,   to   be   able   to   cut   off    all 


Fig.  32. — Corners  for  Frame. 


extraneous  rays  between  the  eyes  and  the  screen.  For 
this  purpose  nothing  lends  itself  so  well  as  a  frame  with 
a  conical  bellows  body,  having  side  extensions  to  cut  off 
light  from  the  sides  of  the  eyes.  The  larger  extremity 
of  this  frame  has  an  opening  at  the  top  and  gi'ooves  at 
the  sides  and  bottom  to  admit  of  the  mounted  screen 
being  slid  in  ;  at  each  side  there  is  a  guide-bar  and 
fiy-nut  to  enable  the  operator  to  extend  and  fix  the 
bellows  to  the  degree  required  to  accommodate  his  sight. 
The  entire  arrangement  is  shown  in  our  fig.  33.  Camera 
bellows  of  the  required  sizes  and  conical  form  can  be 
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procured  rrivdy  iimdt'  from  all  dcalcrH  in  pliotojjjraphic 
camora  fittings  at  vt-rv  modi'raU!  pricos,  so  that,  in  view 
of  the  much  {greater  neainoHH  of  the  manufactured 
article,  it  will  hardly  he  ftdvisahlc  for  the  amateur  to 
nuiko  the  hollows  himself.  When  not  in  use,  the  tiy-nuts 
at  the  sides  are  loosened,  the  hellows  pressed  down  fiat, 
aiid  the  side  guide-hars  folded  over,  so  that  this  device 
can  be  packed  into  a  small  s])ace. 


Fio.  33. — Bellows  Holder  for  Screen. 


§  56.  It  is  found  that  the  use  of  certain  screens  greatly 
facilitates  the  production  of  the  radiographic  image  on  the 
photographic  plate.  Tliis  is  no  more  than  we  should  expect, 
for,  whatever  be  the  nature  of  the  X  rays  themselves,  it 
is  certain  that  they  do  not  affect  the  sensitive  surface  of 
the  said  plate  so  rapidly  as  '  light '  rays.  Hence,  if  by 
any  means  we  can  alter  the  vibration  rate  of  the  X  rays 
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80  as  to  convert  them  into  light,  and  more  especially  if 
in  so  doing  we  can  endow  them  with   that  particular 
vibration  rate  to  which  photographic  plates  aro  Hennitive 
(i.e.  the   highly  rofrangil)]c  rays),   we  Khali    bo  ablo  to 
shorten  very  much  the  exposures  required.      It  will  be 
evident  in  this  case  that  the  screen  must  lie  as  close 
as  possible  to  the  sensitive  surface,  and  that  notbing 
except  a  body  which  is  transparent  alike  to  light  rays 
and  to  X  rays  must  be  interposed  between  the  sensitive 
surface  and  the  fluorescent  surface  of  the  screen.     Of 
course  the  entire  combination  must  be  enclosed  in  some 
envelope  impervious  to  ordinary  light.     If  we  had  at  our 
disposition  some  fluorescent   body  which  could  convert 
the   whole  of  the  X  rays  generated   by  our  apparatus 
into    light    rays,    there   is    no   doubt   that   we   should 
obtain   magnificent    results,    both   visually   and   photo- 
graphically ;  unfortunately,  none  such  is  yet  known,  and 
even  our  most  fluorescent  bodies  are  so  far  behind  the 
desideratum  in  this  respect  that  seven  or  eight  screens 
(covered   with    fluorescent    substance)    may   be   super- 
imposed without  entirely  blocking  out  the  X  rays.     Not 
all  the  preparations  previously  mentioned  are  suitable 
for  radiographic  screens.     The  following  condensation  of 
remarks  by  J.  Gaedicke '  are  highly  interesting  in  this 
connection.      Starting   with    the   assumption   that   the 
Eontgen  rays  do  not  act  directly  on   the   bromide   of 
silver,   but  must  be  converted  by  the  gelatine  or  the 
glass  into  fluorescent  light  in  order  to  be  photographi- 
cally active,  it  naturally  follows  that  an  intensification  of 

'  rUotograi)hisches  WocJicnblatt. 
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the  pliotagrai>lii(.'  action  must  ensue  if  the  rays  are 
converted  into  Ihiorescent  lij^ht  im mediate} ii  in  contact 
with  the  film.  This  was  proved  in  April  18'JG  hy  placing 
a  screen  of  paper  covered  with  platinocyanide  of  harium 
in  contact  with  the  lihn.  Althou^'h  this  action  was 
recognised,  yet  it  has  found  but  little  use  in  practice  ; 
hut  now  such  screens  can  be  obtained  conveniently. 
One  disadvantage  of  these  screens  is  in  the  granularity 
of  the  film,  since  the  barium  platinocyanide  fluoresces 
only  when  it  has  a  particular  crystalline  form. 

In  order  to  test  the  intensifying  action  of  different 
salts,  strips  of  paper  were  coated  with  them,  and  the 
strips  pasted  side  by  side  on  a  sheet  of  cardboard 
measuring  13  cm.  by  18  cm.  (about  6  in.  by  7  in.). 
No.  1  strip  was  left  bare,  so  as  to  determine  the  action 
of  the  X  rays  alone ;  No.  2  was  Dr.  Melckebeke's 
uranium  ammonio-Huoride ;  No.  3,  the  calcium  tung- 
state  of  the  Electricitiits-Gesellschaft ;  No.  4,  Kahlbaum's 
tungstate  ;  No.  5,  Kahlbaum's  platinocyanide  of  barium. 
In  order  to  determine  the  action  of  these  salts  on 
ordinary  and  other  plates,  a  13  cm.  by  18  cm.  plate  was 
cut  in  two,  and  one  half  bathed  in  erythrosine  silver,  in 
order  to  sensitise  it  for  yellowish-green,  and  dried.  The 
two  halves  were  now  placed,  together  with  the  above- 
mentioned  compound  intensification  screen,  in  contact 
with  the  film,  and  wrapped  in  a  double  thickness  of 
black  paper,  and  exposed  for  thirty  seconds  to  the  X  rays 
in  such  a  manner  that  they  had  to  pass  through  the 
screen  before  reaching  the  plate.  A  coil  of  10  cm.  (4  in.) 
spark,  with  rotating  mercury  contact-breaker,  was  used, 
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the  tube  being  25  cm.  (10  in.)  from  the  phite.  The 
deposits  on  the  orthochromatic '  plate  were  numbered 
from  6  to  10,  and  the  experiments  were  performed  by 
Dr.  Baurath.  On  development,  some  interesting  dift'er- 
cnces  were  noted,  and  the  density  of  the  deposits  was 
approximately  measured — not  absolutely  accurately,  but 
still  they  give  satisfactory  conclusions  as  to  the  action. 
The  following  table  shows  the  relative  densities  of  the 
deposit,  that  without  the  screen  on  the  ordinary  plate 
being  taken  as  unity.  For  No.  10  strip  the  photometer 
was  too  low,  and  the  number  is  probably  much  too  low  in 
consequence : — 


Ordinary 

EryHirosiue 

Plate 

Plate 

Without  screen    .     . 

No.  1 

10 

1-5 

No.    6 

Uranium    ammonio- 

No.  2 

0-5 

10 

No.    7 

fluoride 

Calcium      tungstate 

No.  3 

20 

2-5 

No.    8 

(A.E.Ct.) 

Calcium       tungstate 

No.  4 

4-3 

50 

No.    9 

(Kahlbaum's) 

Barium     i)latinocya- 

No.  5 

O-o 

140 

No.  10     ' 

nide  (Kahlbaum's) 

From  these  figures  a  series  of  deductions  may  be  drawn 
which  will  be  important  in  practical  work. 

1.  The  orthochromatic  plate  gives  a  much  stronger 
image  than  the  ordinary  without  the  screen,  and  it 
increases  the  action  of  all  the  screens,  except  those  pre- 
pared with  uranium  fluoride.  It  is  thus  demonstrated 
that  for  X  rays  only  erythro-silver  plates  should  be  used. 


The  portion  treated  with  erythrosine. 
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2.  The  uranium  aminonio-iluoridc  reduces  the  action 
of  tho  rays  to  one-half  on  the  ordinary  plate,  and  to 
about  two-thirds  on  tho  orthorhroniatic  plate,  and  ought, 
therefore,  not  to  he  used  for  this  work. 

\\.  The  calcium  tungstate  of  the  Electricitiits-Gesell- 
schaft  doubles  tho  action,  and  Kahlhaum's  preparation 
(juadruples  the  action  on  ordinary  plates,  and  gives  a  yet 
greater  action  on  orthochromatic  plates. 

1.  The  platinocyanide  screen  gave  a  very  interest- 
ing result.  With  the  ordinary  plate — which,  as  is  w^ell 
known,  is  very  sensitive  •  to  yellowish-green  light — there 
was  no  intensifying  action,  but  just  the  reverse  :  the 
screen  reduced  the  action  by  one-half.  From  this  it 
follows  that  this  screen  had  converted  the  greater  part 
of  the  X  rays  into  yellowisli-green  fluorescent  light ;  the 
orthochromatic  plate  showed  the  most  intense  blackening 
of  all.  By  these  extraordinary  differences  may  possibly 
be  explained  the  different  opinions  of  others  who  had 
ob^usly  used  unsuitable  plates.  The  blackening  of 
No.  10  was  so  strong  that  it  is  obvious  at  the  first 
glance  that  the  use  of  a  platinocyanide  screen — but  only 
with  an  orthochromatic  plate — must  be  the  most  econo- 
mical method  of  using  the  Eontgen  rays. 

§  57.  In  the  preparation  of  screens  specially  for 
radiographic  work  it  is  well  to  remember  that  as  the 
prepared  surface  should  lie  as  close  as  possible  to  the 
sensitive  film  on  the  plate,  and  as  any  mechanical 
pressure  or  chemical  action  (due  to  disintegration  of  the 

'  This  is  evidently  a  mistake,  it  should  be  insensitive. 
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powder  on  the  prepared  screen)  may  affect  the  sensitive 
fihu  and  give  rise  to  pseudo-pliotograpln'c  effects,  special 
care  must  be  taken  to  ensure  an  evtu  ad hr rent  layer  of 
the  fluorescent  substance  on  the  screen,  and,  if  possible, 
not  to  have  to  interpose  anything  between  the  surface 
of  the  screen  and  that  of  the  sensitive  plate.  In  using 
barium  platinocyanide  with  celluloid  dissolved  in  amyl 
acetate  as  a  mountant,  or  with  calcium  tungstate  and 
thin  glue,  this  scope  is  not  difficult  of  attainment.  If, 
however,  the  screen  contains  anything  which  might  act 
chemically  on  the  film  by  mere  contact,  some  medium 
which  does  not  stop  out  the  delicate  fluorescent  hght 
must  be  employed.  For  example,  in  making  up  a  screen 
consisting  of  two  parts  by  weight  of  calcium  tungstate 
to  one  part  by  weight  of  calcium  sulphide  (see  §  52),  the 
sulphur  contained  in  this  latter  ^  is  sure  to  attack  the 
surface  of  the  sensitive  j^late,  unless  separated  from  actual 
contact  by  means  of  a  sheet  of  some  transparent  body. 
For  this  purpose  a  thin  sheet  of  transparent  celluloid 
presents  many  advantages.  It  will  be  readily  under- 
stood that  for  radiographic  use  the  screens  must  be 
unmounted,  and  the  cardboard  need  not  be  so  thick  as 
when  the  screens  are  intended  for  visual  work.  We  may 
therefore  take  it  for  granted  that  for  photographic  work 
with  ordinary  plates,  screens  covered  with  either  good 
crystalline  calcium  tungstate,  or  better  w^ith  the  mixture 
directed  above — viz.  calcium  tungstate  mixed  with  calcium 

'  Or,  more  exactly,  the  hydrogen  sulphide  evolved  from   it  by  the 
action  of  damp  air. 
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sulphide — give  the  host  results;  that  with  orthochromatic 
plates  stained  with  erythrosine  silver,  hariuni  platino- 
cyanide  is  far  and  away  the  hest  j^rcparation  ;  and  that 
the  uranium  salts  (at  all  events,  with  the  plates  at 
present  at  our  disposal)  actually  decrease  the  photo- 
graphic results. 
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CHAPTER  IX 

GENERAL  MANIPULATORY  DETAILS 

§  58.  This  part  of  our  subject  divides  itself  naturally 
into  two  distinct  branches— first,  that  which  treats  of 
visual  examination  of  bodies  more  or  less  transparent  to 
the  X  rays  ;  secondly,  that  which  treats  of  the  production 
of  photographic  pictures  by  the  aid  of  these  said  rays,  or 
radiography  proper.  Beginning  with  the  first  division, 
we  will  consider  the  best  mode  of  operating  with  an 
induction  coil  and  accumulators,  or  battery,  as  a  source 
of  current.  For  this  purpose  we  shall  require  to  test 
the  condition  of  our  cells  either  by  means  of  a  voltmeter 
or  an  incandescence  lamp  of  the  voltage  of  the  number 
of  cells  used.  It  may  be  taken  for  granted  that  a  coil 
capable  of  giving  from  3  to  6  in.  spark  will  require  at 
least  12,  and  for  the  larger  size  probably  16  volts  to 
work  it.  Hence  a  lamp,  of  about  5  c.p.  12  volts,  should 
glow  brightly  with  the  six  cells,  while  a  16-volt  lamp 
would  be  required  to  test  the  eight  cells.  Presuming 
that  the  battery  answers  these  conditions,  as  to  voltage 
with  these  lamps,  and  causes  them  to  light  up  well,  it 
may  be  assumed  that  the  amount  of  current  in  amperes 
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8up|)li«Ml  )»y  the  luittory  will  also  he  Bufticient,  since  the 
resiBtanco  of  the  primary  of  the  coil  is  so  low,  as  com- 
pared with  that  of  the  lamps,  as  to  allow  of  the  passage 
of  a  sufliciency  of  current.  Still,  for  very  accurate  work, 
it  is  sometimes  advisable  to  employ  an  ammeter,  capable 
of  refjisteriiiK  to  at  least  20  amperes,  and  a  voltmeter  of 
similar  readinj^.  In  testinj;  with  these  instruments  it 
nnist  he  home  in  mind  that  the  voltmeter  may  he  placed 
alone  in  direct  circuit  with  the  battery  or  with  the 
accumulators,  without  any  fear  of  injury  either  to  the 
cells  or  to  the  voltmeter.  Hut  this  is  by  no  means  the 
case  with  the  ammeter  ;  for  if  this  latter  be  placed  even 
only  momentarily  in  direct  circuit  with  the  battery  or 
accumulator  it  would  run  them  down  very  rapidly,  and 
in  the  later  case  probably  injure  them  by  the  sudden 
discharge,  and  the  consequent  buckling  of  the  leaden 
grids.  Besides  this,  unless  the  ammeter  were  wound 
with  very  coarse  wire  there  would  be  the  risk  of  melting 
the  same,  or  at  least  of  burning  up  the  insulation.  For 
these  reasons  the  ammeter  should  not  be  used  except 
when  the  coil  is  also  in  circuit  with  the  battery  or 
accumulator.  Owing  to  its  low  internal  resistance  when 
used  in  this  position  it  will  not  appreciably  diminish  the 
current  flowing,  while  it  will  give  a  continuous  and  a 
very  convenient  indication  of  the  amount  in  amperes 
requii'ed  to  produce  a  given  result  with  the  coil. 

§  59.  Turning  our  attention  to  the  coil,  it  will  be 
found  advisable  to  mark  the  two  battery  terminals  on  its 
base  with  +  and  —  respectively,  and  always  to  couple 
up   the  poles  of   the  battery  to  the  coil  in  accordance 
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witli  these  marks.  Having;  done  this,  it  will  be  well  also 
to  mark  with  a  +  one  cheek  of  the  commutator  ;  tlicii, 
having  placed  a  suitable  Crookes'  tube  on  its  stand,  as 
described  in  §  43,  to  connect  up  first  in  one  direction 
and  then  in  the  other  to  the  secondary  terminals  of  th(! 
coil.  That  terminal  which,  when  connected  to  the  a//oJr, 
or  platinum  flat,  of  the  tube  produces  the  marked 
division  of  violaceous  light '  behind  the  platinum  or 
anode,  and  canary  yellow  in  front  of  it,  is  the  posi- 
tive terminal  of  the  secondary  of  the  said  coil,  under 
the  conditions  of  battery  and  commutator  connections, 
already  described,  and  this  terminal  should  be  marked 
+  .  By  this  means,  having  the  crosses  always  in  a 
given  position,  there  will  be  no  loss  of  time  in  having  to 
make  trials  as  to  which  is  the  positive  and  which  the 
negative  terminal  of  the  secondary. 

Care  must  be  taken  in  making  these  experiments  to 
avoid  taking  shocks,  which  with  these  large  coils  are  not 
only  dangerous  but  may  even  be  fatal.  To  ensure 
freedom  from  such  accidents  it  will  be  well  to  leave  the 
commutator  in  the  '  off '  position,  until  all  handling 
(necessitated  by  connecting  up  battery  to  coil  or  coil  to 
tube)  has  been  completed,  when  it  may  be  turned  on  in 
the  direction  of  the  crosses.  Another  important  pre- 
caution is  that  of  avoiding  the  use  of  excessive  battery 
current. 

On  purchasing  a  coil  information  should  be  obtained 
of  the  vendor  as  to  the  proper  current  in  amperes  that 
may  be  safely  employed   with  it ;  and   this  amperage 

'  See  §  43,  line  16  et  seq. 
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slioiiM  on  IK)  jicroiint  Im-  cxct'odtnl,  otlnrwisi'  tlui  insula- 
tion may  l>o  broken  down  and  tlir  coil  irr(»trievably 
ruined. 

We  have  already  pointed  out  (§  21)  that  the  play  of 
tho  contact-breaker  lias  a  very  great  influence  on  the 
length  of  the  s}>ark    produced  by  the  coil.     When  the 
Bpring  is  extremely  resilient  and  not  confined  in  its  play, 
as  soon  as  tho  current  flows  round  the  i)rimary,  and  long 
before  the  iron  core  has  had  time  to  magnetise  to  the 
full,  the  hammer  is  attracted.     Consequently  contact  is 
broken  and  made  again  ton  sonUf  so  that  tho  result  is  a 
poor  thin  spark.     On  stiffening  the  spring,  by  the  aid  of 
the  back  nut  in  the  ordinary  form  (see  fig.  11),  or  by 
means  of  the  tension  screw  in  the  Apps's  form  (see  fig.  12), 
or  by  the  devices  introduced  into  the  Vril  form,  it  will  be 
found  that  the  spark  length  is  improved  with  the  length 
of  time  the  spring  remains  in  contact  with  the  platinum- 
tipped   screw,  up  to  the  point  of  the  full  magnetisation 
of  the  iron  core.     There  is  absolutely  no  advantage  in 
allowing  the  battery  flow  to  last  longer  than  this  :  for  it 
must  be  remembered  that  no  inductive  effect  takes  place 
in  the  secondary  except  at  the  instants  when  contact  is 
made  and  broken.     There  is  the  serious  disadvantage  in 
prolonging   unduly  the  contact   that  battery   power   is 
wasted  to  no  purpose  ;  and  in  the  case  of  accumulators, 
which    can   supply   an   enormous   current  for   a   short 
time,  there  is  actual  risk  of  spoiling  the  accumulators, 
and  of  fusing  together  the  i)latinum  contacts  of  the  coil, 
besides  heating  excessively  the  primary,  if  the  spring  be 
retained  against  the  contact  screw^,  either  by  tightening 
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the  tension  nut  or  otherwise  stiiYening  the  spriii*^'.  The 
careful  operator  will  make  preliminary  trials,  and  take 
note  of  the  kind  of  adjustment  of  his  contact-i)reaker 
required  to  give  the  cleanest,  longest,  and  most  rapid 
torrent  of  sparks.  If  (which  is  not  generally  advisable) 
he  proposes  making  use  of  the  current  from  an  alternating 
dynamo,  either  private  or  off  the  mains,  l)e8ides  altering 
the  contact-breaker,  as  described  at  §  82,  he  must  be 
particularly  careful  to  insert  sulHcient  resistance  in 
circuit,  in  the  shape  of  coils  of  platinoid  or  German 
silver  wire,  to  reduce  the  current  to  the  '  safe  limit  *  of 
his  coil.  Want  of  attention  to  this  will  surely  culminate 
in  a  breakdown  of  the  insulation  of  the  coil. 

§  60.  Owing  to  the  comparatively  small  amperage  of 
the  currents  given  by  the  coil,  the  wires  which  serve  to 
connect  up  the  coil  to  the  tube  need  not  be  very  stout, 
but  it  is  essential  that  they  should  be  well  insulated. 
For  this  purpose  No.  24  B.W.G.  copper,  covered  with 
gutta-percha  till  it  measures  No.  16  B.W.G.,  will  be  found 
very  serviceable,  and  even  when  thus  insulated  should 
not  be  allowed  to  rest  on  anything  but  good  insulators 
(glass,  ebonite,  vulcanised  fibre,  (tc.)  on  its  way  from  the 
coil  to  the  tube.  It  may  sometimes  be  found  necessary, 
in  consequence  of  one  of  these  wires  becoming  detached 
from  the  tube  terminals,  &c.,  to  manipulate  the  wire  whilst 
the  current  is  on.  In  this  event  a  pair  of  long  ebonite 
forceps  may  be  used  ;  but  it  is  in  all  cases  far  better  to 
cut  out  the  battery  current,  by  placing  the  commutator 
in  the  *  off '  position,  before  attempting  to  handle  the 
secondary  terminals  or  the  wires  proceeding  from  them. 


Some  tiil)o  BtiUids  liavu  UMiniiialH  on  tiieir  baeuB,  to  which 
the  wires  from  the  coil  arc;  to  l)e  connected  ;  and  these 
terminals  have  wires  U-adin^  to  the  loops  of  the  tuhes. 
In  lliis  case  these  stand  wires  should  he  very  line  and 
llexihle,  to  admit  of  the  tube  heinj;  placed  in  any  position 
without  straining  itn  loops  or  breaking  the  wires  ;  and 
for  tliis  purpose  a  suflicient  length  of  No.  86  silk-covered 
copper  wire,  previously  coiled  into  a  rather  tight  helix 
round  a  stout  knitting-needle,  will  he  found  most  con- 
venient. It  will  he  readily  understood  tliat  hoth  the 
gutta-})('rc*ha-covered  wires  and  those  covered  with  silk 
must  be  bared  at  their  extremities  and  carefully  cleaned, 
in  order  that  they  may  make  good  electrical  contact 
with  the  terminals  or  with  the  tube  loops.  The  tube 
having  been  placed  in  [ujsition  on  the  stand,  and  the 
wires  from  battery  to  coil  and  from  the  coil  to  the 
tube  having  been  duly  connected,  the  screen  being 
placed  conveniently  at  hand,  the  room  should  be  now 
darkened  and  the  current  turned  on.  If  the  precautions 
previously  recommended  have  been  carefully  carried  out 
the  tube  will  at  on(!e  fluoresce  in  the  proper  manner — 
viz.  with  a  clear  canary-yellow  light  in  front  of  the 
platinum  or  anode,  and  a  darker  zone  of  purplish  glow 
behind  the  anode.  The  position  of  the  tube  when  used 
with  the  screen  should  be  such  that  the  flat  surface  of 
the  platinum  anode  faces  the  operator,  so  that  he  can 
conveniently  receive  the  rays  reflected  from  it  when 
looking  down  upon  it,  either  in  a  standing  or  sitting 
position,  as  circumstances  may  require.  Should  by  any 
chance  (in  consequence  of  some  mistake  in  connections) 
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thf  tube  //"/  l)«!  illuiiiinatcd  as  jibovo  describ<Ml,  stiould 
it  show  the  yollow  lip;ht  hihind  tbc  .-mode  instead  of  in 
I'ronf  of  it,  the  conimutator  must  be  iiinnodiatt'ly  turned 
by  a  semirevolution  into  the  opposite  position.  It  may 
even  liappen,  thoujjjh  this  is  not  Ukely  with  a  new  tul^e, 
that  the  hght,  altliough  showing  correctly,  is  patcliy, 
with  streaks  of  l)riniancy,  Hke  hair  Hnos,  at  some  points 
near  the  stem  of  the  tube.  This  would  indicate  a  flaw 
in  the  glass,  dependent  either  on  an  incipient  and  very 
fine  crack,  which  will  surely  extend  and  allow  the  air  to 
enter,  or  upon  a  break-down  in  the  tube  itself,  caused 
through  having  allowed  one  of  the  conducting  wires,  or 
other  conductor,  to  touch  the  surface  of  the  tube,  while  the 
ern'rent  was  turned  on.  It  is  not  advisable,  except  in  the 
case  of  wishing  to  alter  the  condition  of  the  tube,  to  send 
the  current  in  the  reverse  direction,  because  the  surface 
of  the  platinum  flat,  or  anode,  is  volatilised  if  used  as 
a  cathode,  and  carried  in  the  form  of  black  smoky 
deposit  to  the  inner  surface  of  the  tube.  Supposing, 
however,  the  tube  to  be  acting  properly,  the  screen  is  now 
held  at  a  distance  of  about  2  or  3  in.  from  the  glowing 
tube,  with  the  prepared  surface  facing  the  observer's  eye, 
while  the  body  to  be  examined  is  held  close  against  the 
back,  or  plain  unprepared  surface.  The  efficiency  of  the 
tube  may  now  readily  be  gauged.  A  good  '  focus  '  tube 
of  the  Newton  or  '  Penetrator '  type,  working  with  a  coil 
capable  of  giving  a  spark  from  3  to  4  in.  in  length,  should 
enable  the  operator  to  see  clearly  not  only  the  bones  in 
his  fingers,  but  also  those  of  the  wrist  and  forearm  ;  and 
a  block  of  wood  about  4  in.  thick,  with  nails  in  its  under 
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Hurface,  hIiouM  l»t  rciuN  red  almost  transparent  and 
reveal  th(»  position  and  llu;  sliapo  of  the  nails  very 
distinrtly.  We  iiavc  alroady  illustrated  the  *  Jackson  * 
form  of  focus  tube  at  our  lig.  27  ;  we  here  present  the 
reader  with  the  *  Penetrator '  form,  due  to  Messrs. 
Watson  c^'  Son,  of  lii;,di  Holhorn  (fi«.  Hi).  With  a 
'  hiiinodic  '  tube  similar  to  the  one  shown  in  lig.  24, 
and  ea})able  of  workinj^  with  from  0  to  !>  in.  of  spark,  it 
is  possible  to  see  the  vertebnc  and  the  pulsations  of  the 
heart  through  the  walls  of  the  chest. 


m^ 
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I'lti.  ;il.     Watson  '  Penetiiator     Tcbe 

§  61.  The  choice  and  management  of  the  tube 
demands  some  little  care.  The  choice  depends  to  some 
extent  upon  the  particular  use  it  is  intended  to  put  the 
tube  to.  In  any  case  the  tube  must  have  a  vacuum 
proportionate  to  the  E.M.F.  of  the  coil,  or  static  machine 
(be  it  Wimshurst,  Holtz,  or  other),  which  is  to  be 
employed  to  excite  it.  It  must  be  remembered,  however, 
that  the  exhaustion  of  the  tube  must  be  carried  to  a 
certain  point,  since  below  this  no  X  rays  are  produced  ; 
and,  as  this  degree  of  vacuum  presents  a  very  consider- 
able resistance  to  the  passage  of  the  current,  it  is 
virtually  impossible  to  produce  a  serviceable  tube  that 
will    work   satisfactorily  with   less   than  an  E.M.F.  of 
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100,000  voltn,  or,  say,  ji  2-iii.  st)ark.  On  tlu;  other  hand, 
it  is  possible  to  go  on  increasing  the  vacuum  in  the  tube 
to  such  an  extent  that,  owing  to  the  enormous  resist- 
ance presented  ])y  it,  no  current  can  be  forced  through 
it  by  the  most  powerful  coils  in  our  possession.  The 
best  way  to  test  a  tube  is  to  notice  its  behaviour  when 
properly  connected  either  to  the  coil  or  static  machine 
with  which  it  is  intended  to  work.  If  the  tube  give  a 
phikish  light  throughout  its  length  when  the  little 
battery  pow'er  is  used  with  the  coil,  or  in  the  case  of  the 
Wimshurst  when  the  spark  gap  is  very  small  (say,  ^  in. 
on  each  side),  and  refuses  to  give  the  well-known  canary- 
coloured  glow  on  increasing  the  current  strength,  the 
vacuum  of  the  tube  is  too  low.  Such  a  tube  should  be 
rejected  at  once,  as  it  will  be  unserviceable  unless 
re-exhausted. 

If,  on  the  other  hand,  when  a  coil  is  working  at  its 
best  possible,  or  when  the  spark  gap  of  the  static 
machine  has  been  opened  out  to  its  fullest  extent,  the 
tube  absolutely  refuses  to  glow,  or  glows  only  with  an 
intermittent  flash,  while  the  coil,  &c.,  is  seen  to  discharge 
itself  on  the  outside  of  the  tube,  either  in  the  form  of  a 
spark  or  a  brush  from  the  connecting  wires,  the  vacuum 
of  that  tube  is  too  higli  for  the  E.M.F.  employed  with  it. 
It  often  happens  that  a  tube  which  at  first  appears  to 
have  too  high  a  vacuum  may  be  coaxed  by  judicious 
treatment  into  working  well,  and  such  a  tube  generally 
turns  out  to  be  an  excellent  one.  The  qualities  of  a 
good  tube  are,  as  we  have  already  pointed  out,  first, 
immediate  and  continuous  greenish  canary-yellow  glow, 
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hrilliiuit  tnout^h  to  allow  tho  linio  l)y  a  watch  to  ))e  read 
at  5  to  6  feet  (listanec  wlu-n  tlio  curront  Ih  turned  (this 
plow  to  h(»  in  the  space  hetwoen  the  anode  and  cathode)  ; 
Becondly,  a  (hstinct  viohiccous  zone  hchind  the  phitlnuin 
anode  :  thirdly,  (hstinct  and  dean  difTercntiation  of  i\\v, 
bones  anil  lltsh  of  the  dhow  and  knee;  when  employed  in 
conjunction  with  a  j:5ood  harium-jdatinocyanide  screen. 
A  tuhe    liavinj^   a    rather    low  vacuuiii   may  sometimes 
be    made    serviceahle    by    connecting   it  to  the  coil    or 
Wimshurst  in  the  direction  opposite  to  the  correct  one — 
that  is  to  say,  by  connecting  the  negative  terminal   of 
coil,    etc.,    to    the    anode    (i)latinnm    flat)    of   the    tuhe. 
BrilHant  and    erratic  coruscation    will    be  seen  to  take 
phice,  very  often  marked  by  patches  of  brilliant  green 
hght,  apparently  adhering  to  portions  of  the  bulb.     This 
operation  may  be  continued  for  five  minutes,  and  then 
the  tube  again  tested  with   the  current  in   tlie   proper 
direction.     By   repeating  this   operation    two  or    three 
times  it  is  oftentimes  possible  to  greatly  improve  a  low 
vacuum  tube.     On  the  other  hand,  a  tube  with  abnor- 
mally high  vacuum  may  fre<]uently  be  brought  into  good 
working  order  by  placing  in  position  on  its   stand,  and 
cautiously  heating,  the  glass  l)ulb  all  over  by  means  of  the 
tlame  of  a  spirit  lamp.     The  current  should  be  turned 
off  while  this  is  being  done.     It  is  not  easy  to  explain 
the  cause  of  this  beneficial  result.     Many  experimenters 
have  supposed  that  it  depends  on  an  alteration  in  the 
state  of  the  internal  vacuum  of  the  tube.     But  the  same 
result  may  be  attained  by  surrounding  the  cathode  end 
of  the  tube  with  a  ring  of  imperfectly  conducting  matter, 
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such  as  cotton  wool,  or  better  with  a  rin^'  of  good 
conductor,  such  as  gold  paint  or  tinfoil.  As  the  result 
of  experiments  made  in  this  direction  \>y  Mr.  J. 
Wimshurst,  h}'  Mr.  Arthur  Fish,  and  also  hy  the  Uev. 
T.  E.  Espin,  it  would  appear  that  tubes  that  resist  even 
the  enormous  pressure  recpn'red  to  produce  a  Ifi-in. 
spark  (eijuivalent  to  about  800,000  volts)  in  their 
natural  condition  may  be  made  to  fluoresce  and  give 
out  X  rays  with  a  spark  of  2  in.  in  length,  etiuivalent  to 
about  10,000  volts  only.  This  band  or  ring  of  tinfoil 
should  be  attached  over  and  in  connection  with  the 
cathode  end  (the  concave  aluminium  disc)  of  the  tube, 
and  may  extend  to  about  ^  of  the  length  of  the  bulb  of 
the  tube.  It  would,  therefore,  appear  that  this  *  running 
up  of  the  tube,'  as  this  stubbornness  to  glow  is  sometimes 
called,  is  not  due  to  any  real  alteration  in  the  vacuum, 
or  occlusion  of  the  rarefied  medium  in  the  tube  by  the 
glass  thereof,  but  to  a  kind  of  polarisation,  or  Leyden 
jar  condition,  between  the  inside  and  outside  of  the  tube. 
In  fact,  it  is  often  found  that  a  tube  which,  although 
glowing  brightly  at  the  beginning  of  an  experiment, 
gradually  refuses  to  furnish  X  rays  as  the  current 
continues  to  pass  through  it,  will  work  perfectly  if  set 
aside  for  a  short  time.  Another  fact  which  seems  to 
favour  the  view  that  this  '  sulking  '  of  the  tube  is  due  to 
polarisation  is  that  if  a  small  space  be  left  between  the 
tinfoil  ring  and  the  cathode  loop  sparks  will  be  seen  to 
2)ass  across  it.  It  is  also  sometimes  possible  to  take 
a  distinct  shock,  by  turning  off  the  current  from  a 
glowing  tube,  grasping  the  bulb  near  the   anode  with 


184  liAnJodli'Al'IlY 

one    lumd,    and    toiicliinj^    tlit'    cathode    looj)    witli    the 
other. 

It  niiisi  not  l»i'  iiikirctl  from  tho  forc^'oin;;  tliat  it  is 
rt'CoininciHk'd  to  select  a  tul)e  that  reciuiros  the  addition 
of  an  outside  coating  to  make  it  work,  hut  Hini})!}'  that 
a  tuhe,  the  vacuum  of  wliidi  is  altogether  too  liigh  to 
permit  it  l(>  work  with  the  current  at  our  disjJOHal,  may 
he  made  to  work  hy  kucIi  an  addition,  it  will  he  found 
that  tliere  is  a  '  hest  point '  of  vacuum  suitahle  for  every 
E.^I.F.,  and  the  operatoi-  will  do  well  in  selecting  a  tuhc 
to  make  trial  with  his  own  coil,  AVimshurst  or  Iloltz 
machine.  The  tuhe  should  he  of  such  a  length  (hetwcen 
anode  and  cathode  loops)  that  there  shall  he  no  danger 
of  the  spark  flying  across  on  the  outside  of  the  tuhe, 
instead  of  traversing  the  inner  vacuous  space.  In  using 
the  tuhe  with  the  coil,  and  especially  with  a  coil  the 
secondary  of  which  is  wound  with  comparatively  coarse  ' 
wire,  it  will  he  noticed  that  the  platinum  flat  (the  anode) 
hecomes  red  hot.  This  is  inconvenient  in  many  ways. 
It  may  lead  to  a  detaching  of  the  glass  stem  from  the 
contained  platinum  wire,  which  supports  the  anode.  It 
also  causes  a  smokiness  of  the  glass  of  the  tuhe,  apparently 
hy  the  volatilisation  of  the  platinum.  Owing  to  the 
very  small  amperage  of  the  discharge  of  static  machines 
(notwithstanding  their  high  voltage)  this  heating  of  the 
anode  never  takes  j^lace  with  such  ;  hence  a  hreak-down 
in  the  tuhe  through  this  cause  need  never  he  apprehended 
when  using  machines  of  this  kind.  AVith  a  view  to  remedy- 
ing this  defect  it  has  heen  tried  with  success  hy  Cossor 

'   Hence  giving  a  current  of  considerable  amperage. 
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and  others  to  *  back  '  the  anode  with  a  slieet  of  alurainiuni, 
a  metal  which,  being  an  extremely  good  conductor  and 
having  a  large  capacity  for  heat,  will  bear  a  very  con- 
siderable amount  of  electric  *  Ijombardment '  before  it 
becomes  red  hot. 

§  62.  For  direct  visual  observati<jn  tliere  is  no  dcniljl 
that  the  screen  prepared  with  barium  platinocyanidc 
(see  §  54)  is  preferable  to  all  others  known  up  to  this  date 
(November  1897). 

The  peculiar  brilliancy  of  the  ground  renders  the 
finer  details  much  more  distinctly  visible,  by  contrast, 
than  the  dark  grey  of  the  calcium  tungstate  screen. 
Still,  for  all  experimental  work,  and  in  cases  where 
expense  is  a  consideration,  screens  coated  with  the  latter- 
mentioned  salt  will  be  found  very  satisfactory. 

Whether  the  coil  or  a  static  machine  be  employed  to 
excite  the  tube,  it  will  be  found  extremely  advantageous, 
in  making  delicate  observations,  to  cut  off  all  extraneous 
light  from  the  surface  of  the  screen  by  means  of  the  hood 
or  cover  described  at  §  55.  This,  of  course,  is  absolutely 
essential  when  observations  have  to  be  made  in  the  day 
time  or  in  a  well-lighted  room.  It  is  also  extremely  conve- 
nient even  when  the  room  is  darkened,  because  it  entirely 
eliminates  the  flickering  Hashes,  given  either  by  the 
contact  breaker  of  the  coil  or  by  the  sparks  passing 
between  the  spark-gap  regulator  of  the  Winshurst  or 
other  static  machine  employed,  which  flashes  not  only 
distract  the  observer's  eye,  but  perceptibly  affect  the 
definition  of  the  image  on  the  screen.  The  body  under 
observation  should  be  placed  as  close  to  the  tube  as  it 
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convcnifiitly  cnn  without  l)oinj^  in  actual  contact  with  it, 

and  consisttMit   with  the  ravH  emanating  from  the  tulx' 

'lu'inj^  al>h'  to  cmhrjicc  in  their  sphere  of  action  all  those 

portions  wliich  it  is  desired  to  examine  atone  time.     Tlie 

UUcoated  side  of  the  screen  sliouUl   then   he  phiced  close 

against,  and  if  jiossihle  in  Hat  contact  with,  the  hody 

under  examination.     It  is  needless  to  remark  that  the 

coated  side  of  tin  screen  must  face  the  ohserver's  eye, 

since   the   cardhoard  mount  is   impervious  to  ordinary 

light,  while  virtually  transparent  to  the  X  rays.     So,  if 

the  cardhoard  surface  faced  the  ohserver,  although  the  X 

rays  would   l)e  converted  into   liglit  rays  on  impinging 

on  the  layer  of  tluorescent  salt,  yet,  as  these  light  rays 

are  incapahle  of  traversing  the  cardhoard,  no  impression 

would  be  produced  on  the  observer's  eye.     The  surface 

of  the  screen,  when  in  use,  should  not  be  covered  with 

any  medium  whatever  ;  l)ut  wlien  set  aside,  to  prevent 

abrasion,  or  soiling  from  deposited  dust,  it  is  well  either 

to  cover  the  surface  of  the  frame  with  a  thin  piece  of  board 

of  the  same  size,  or  else  to  slide  the  whole  frame  in  a  fiat 

box   made  si)ecially  for  the  purpose.     In  many  of  the 

screens  sent  out  by  dealers  the  surface  is  covered  with 

a  thin  sheet  of  transparent  celluloid,  and   this   is   not 

objectionable  so  long   as   the   surface   of  the   celluloid 

remains  clear  and  unscratched ;  but  the  surface  of  the 

celluloid  is  very  soft,  and  soon  becomes  dulled  with  fine 

scratches,    due  to    constant    wiping.     Celluloid    is    also 

highly  electrical,  and  frequently,  if  wiped  on  the  upper 

surface,  exerts  so  powerful  an  attraction  on  the  particles 

of  the  salt  on  the  screen  as  to  detach  some  of  them  from 
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tin;  iiiuuiit,  iiiul  ejLUKe  thoni  to  adlieri;  to  the  uiitler 
Burface  of  the  protecting;  celhiloid  sheet,  with  the  rcBult 
that  a  double  and  confusing  image  appears  on  the  sur- 
face of  the  screen. 

Our  fig.  35  gives  a  very  good  idea  of  the  arrange- 
ment of  the  different  pieces  of  apparatus  when  employed 
for  the  examination  of  the  cliest,  &c.,  while  fig.  80 
illustrates  a  convenient  disposition  of  the  patient,  the 
observer,  and  the  necessary  equipments  as  employed  in 
the  French  hospitals.  These  two  latter  are  due  to 
M.  Gaston  Seguy.  Before  leaving  this  portion  of  our 
subject  it  may  be  noted  that  although,  when  using  static 
machines  having  only  one  pair  of  plates,  the  best  results 
are  obtained  when  the  tube  is  excited  by  the  discharges 
obtained  from  the  outer  coatings  of  the  jars,  as  recom- 
mended at  §  43,  yet,  when  multiplate  machines  of  large 
size  are  employed,  a  much  steadier  glow  of  the  tube  can 
be  obtained  by  connecting  it  directly  to  the  knobs  of 
the  Leyden  jars.  In  this  case  the  position  of  the  tube 
must  be  reversed,  since  the  inside,  or  knob  coating,  of 
the  jar  is  in  opposite  electrical  condition  to  the  outside. 
Hence,  under  these  conditions,  the  anode  of  the  tube 
will  be  connected  to  the  knob  of  that  jar  whose  brush 
shows  the  glow  discharge,  while  the  cathode  will  be  con- 
nected to  the  one  displaying  the  brush.  Lastly,  if  the 
machine  is  of  very  large  size,  and  built  up  of  many  pairs 
of  plates,  such  as  the  Wimshurst,  mentioned  at  §  36, 
which  consists  of  12  pairs  of  plates  3  feet  in  diameter, 
or  as  the  Holtz  machine  employed  by  Dr.  Monell,  con- 
sisting of  eight  plates,  each  30  in.  in  diameter,  the  tube 
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works  oqually  well  without  the  jars.     Of  course  in  these 
latter  ciisos  the  *  spark  Rap  discharRers  *  must  be    re- 


Fio.  35.--  Seouy's  AKKAMiKMt.M  1  uii  Vkrtical  Examination 


Fio.  36.— Seguy'8  Arhasoement  fou  Horizontal  Examination 
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moved.  For  the  purpose  of  increasinfr  the  penetrative 
power  of  the  X  rays,  coils  of  about  300  turns  of  No.  30 
silk-covered  copper  wire  may  ])e  inserted  in  the  outer 
jar  circuit,  as  mentioned  at  §  10.  These  coils  should 
consist  in  a  glass  rod,  about  J  in.  in  diameter,  3  or  4 
inches  long,  over  which  the  wire  is  wound  closely  and 
without  overlapping  from  end  to  end.  Each  coil  should 
be  soaked  in  melted  paraffin  wax  till  no  more  bubbles 
arise,  then  taken  out  and  allowed  to  cool.  When  cold 
the  coils  are  arranged  horizontally  on  a  little  ebonite 
base,  and  a  small  well-polished  brass  ball,  about  ^  in. 
in  diameter,  soldered  to  the  two  free  ends  of  the  helix. 
These  coils  can  then  be  arranged  in  the  circuit,  with 
gaps  between  them,  as  directed  at  §  10.  There  is  no 
doubt  that  these  interrupters  do  alter  the  oscillation  rate 
of  the  discharge,  and  heighten  the  effects  of  the  tube ;  but 
their  employment  is  attended  with  the  disadvantage  that 
the  lighting  of  the  tube  becomes  to  a  certain  extent 
intermittent,  or  *  flashing,'  instead  of  '  glowing.'  This  to 
the  eye  is  fatiguing  ;  but  for  actual  radiographic  work 
it  makes  no  difference  whatever. 

§  63.  We  can  now  pass  to  the  second  branch  of  our 
subject — namely,  the  production  of  photographs  by  means 
of  the  X  rays.  It  is  not  proposed  here  to  write  a  treatise 
on  photography,  and  we  would  advise  any  one  who 
desires  to  produce  good  results  with  the  tube  to  take  a 
few  lessons  in  ordinary  photography  with  the  camera 
before  he  attempts  to  take  a  radiograph.  The  operations 
necessary  to  the  production  of  a  photographic  picture 
are,  first,  the  preparation  of  a  plate  or   other  surface 
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with  a  subBtanci'  Heiisitivu  to  light  or  other  rays  ;  second, 
the  ex|M)8ure  of  this  plato  to  the  action  of  Hj^ht ;  third, 
the  development  of  the  imaj^o  (usually  invisihle)  pro- 
duced on  the  surface  hy  the  action  of  li;;ht  ;  fourth,  the 
lixation  of  tlie  resultinj;  iinaj',e,  which  process  consists  in 
the  removal  of  that  portion  of  the  sensitive  salt  whicli 
has  not  heen  affected  hy  light  or  hy  the  developer,  hut 
which  if  left  on  the  plate  would  darken  and  render  it 
unstahlo ;  fifth,  the  reproduction  of  this  image,  which 
is  *  negative,'  or  has  its  lights  and  shades  the  reverse  to 
what  they  are  in  Nature,  on  a  second  sensitive  surface ; 
this  operation  is  technically  known  as  *  printing.'  As 
prepared  plates,  lilins,  and  papers  are  to  he  procured  so 
good  and  so  cheaply  as  to  render  it  a))solutely  a  waste  of 
time  for  any  one  to  attempt  to  make  them  himself  (except, 
indeed,  for  the  purpose  of  trying  experiments),  no  de- 
scription of  the  mode  of  preparation  is  here  given.  It  is 
only  needful  here  to  mention  that  the  sensitive  surface, 
he  it  spread  on  glass,  celluloid,  or  paper,  consists  virtually 
of  a  mixture  of  hromide  and  iodide  of  silver,  emulsified 
with  gelatine,  and  allowed  to  set  and  dry  on  the  support. 
The  plates,  tfec,  heing  extremely  sensitive  to  the  action  of 
ordinary  light,  must  never  be  exposed  to  its  action  ;  and 
all  operations  must  be  conducted  in  a  room  from  which 
all  daylight  is  most  carefully  excluded,  and  lighted  only 
by  means  of  artificial  light,  which,  by  the  aid  of  a  suit- 
able ruby-coloured  glass  screen,  or  cherry-red  lining, 
entirely  surrounding  the  source  of  light,  emits  only  rays 
of  a  yellow  red  type,  that  do  not  affect  the  plate.  Suit- 
able lanterns  for  this  purpose  are  sold  by  all  photo- 
graphic dealers.     The  operator  must  have  suthcient  light 
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(of  this  colour)  to  work  by  comfortiil)ly  ;  but  ho  must  not 
expose  his  phites,  even  to  this  hj^lit,  nion;  tluiii  is  abso- 
lutely necessary.     To  expose  a  i)late  he  will  proceed  (as 
directed  at  §§  43,  14)  to  place  a  plate  in  the  inner  yellow 
envelope  of  one  of  Tylar's  light-tight  bags,  of  suitable 
size,  while  in  the  darkened  room.     Before  placing  the 
plate  in  the  bag  he  will  do  well  to  remove  any  dust  there 
may  be   on    the   prepared  side,    by  sweeping  over  the 
surface  lightly  with  a  wide,  soft  camel-hair  brush,  kept 
clean  and  specially  for  this  purpose  only.     The  plate  (to 
prevent  any  irreguliarity  of  action)  should  be  placed  with 
its  prepared  surface  against  the  seamless  side  of  both 
inner  and  outer  bags  ;  and  to  prevent  any  stray  rays  of 
light  getting  in  it  is  well  to  insert  the  yellow  bag  into  the 
outer  black  bag,  flap  end  first.     The  stock  box  contain- 
ing the  plates,  &c.,  should  be  closed  and  put  away  before 
opening  the  door  of  the  dark  room.     The  operator  now 
proceeds  to  expose  the  plate.     For  this  purpose,  having 
connected  up  the  tube  to  the  coil,  he  turns  the  stand  and 
tube  into  a  convenient  position  to  throw^  the  cathode  or 
X  rays,  reflected  by  the  anode,  on  the  surface  of  the 
body  to  be   radiographed.      Under  this  he  places   the 
plate  contained  in  the  Tylar's  bag,  sensitive  side  upper- 
most.    The   distance    between   the  tube  and  the  object 
depends  a  great  deal  on  the  nature  of  the  object,  on  the 
spark  length  required  by  the  tube,  and  on  the  rapidity 
with  which  it  is  desired  to  produce  the  picture.     Work- 
ing with  a  3-in.  spark  tube,  taking  about  150,000  volts, 
on  thin  objects— say,  from  ^  in.  to  i  in.  thick — a  distance 
of  about  4J  in.  to  5  in.  may  be  allowed  between  the  tube 
and  the  plate,  and  a  fair  result  will  be  obtained  with 
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exiK)Hures  varying  from  1  (o  '2  ininutcH.  l>ut  if  the 
object  bo  thick — Hay,  tlio  fort.'ann  or  aiikh; — altliough  it  is 
l)OHHil)hi  to  got  a  picturo  with  the  tuho  so  near,  yot  the 
iinaj^o  is  niaj^nifioil  and  (hstortod  soincwhat.  IJoinoviiif^ 
tho  tiilu'  to  a  j^roator  (hstaiico  roinodios  those  dofocts,  but 
at  tho  same  time  loiigthons  tho  exposure,  directly  as  tho 
square  of  the  distance ;  ejf,  a  given  object,  wliich,  with 
a  given  tube,  would  roquiro  an  exposure  of  1  minute  to 
produce  a  satisfactory  picture  at  4  in.  distance,  would 
take  4  minutes'  exposure  to  give  a  like  result  at  8  in. 
distance.  Hence  this  general  rule  can  he  formulated  : 
For  a  ^'iven  lenj^th  of  exposure,  with  thin  objects,  a  short 
spark  tube,  at  a  short  distance,  may  be  emj)loyed  ;  for 
thick  objects  and  longer  distances  long  spark  tubes  nnifit 
be  used.  The  plate,  tube,  and  object  being  duly  placed 
in  position,  care  of  course  being  taken  in  the  case  of  a 
living  subject  that  the  portion  to  be  radiographed  is  so 
supported,  resting  on  the  plate  in  the  Tylar's  bag,  as  to 
preclude  all  possibility  of  motion  during  the  ex^wsure, 
the  battery  current  is  turned  on  the  coil  with  all  the  pre- 
cauticms  mentioned  at  §  59,  and  the  tube  allowed  to  glow 
for  the  desired  length  of  time. 

As  previously  remarked,  there  is  really  so  little 
difference  between  the  results  obtainable  with  the 
different  brands  of  plates  in  the  market  that  it  is  an 
invidious  task  to  mention  any  one  in  preference  to 
others.  There  is  one  point,  however,  which  may  be 
mentioned,  without  prejudice  to  any  particular  maker's 
productions,  and  that  is  that  it  by  no  means  follows 
that  because  a  given  make  of  plates  is  highly  sensitive 
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to  ordinary  light  it  should  rank  liigh  in  senHitiveness 
to  the  X  rays.  On  the  contrary,  it  may  ))e  broadly 
stated  that,  with  one  notable  exception,  the  'extra  rapid' 
types  of  dry  plates  are  less  suitable  for  X  ray  work  than 
the  '  ordinary  '  and  '  medium  '  rapidity.  It  is  extremely 
difficult  to  make  a  fair  and  satisfactory  comparison  of 
different  brands  of  plates,  partly  because  nearly  every 
maker  advises  the  use  of  a  somewhat  different  developer, 
and  the  operator  naturally  requires  a  little  practice  before 
he  can  master  the  peculiarities  of  each.  Then,  again,  for 
a  fair  trial  the  conditions  of  exposure  must  be  absolutely 
identical,  and  this  is  only  to  be  obtained  by  making  up 
a  composite  plate  of  many  strips  of  difi'erent  brands. 
And  the  development  of  these  different  strips,  each  one 
with  its  own  special  developer,  does  not  quite  satisfy  the 
enquiring  mind  as  to  whether  one  of  the  other  apparently 
inferior  strips  would  or  would  not  have  given  equal 
results  if  it  had  been  developed  with  the  developer 
employed  on  the  most  successful  strips.  For  this  reason 
the  author  has  found  it  advisable  to  use  in  the  trials 
which  he  has  made  only  one  standard  developer.  It 
must,  therefore,  be  evident  that  it  is  quite  possible — nay, 
highly  probable — that  with  other  developers  the  apparent 
sensitiveness  to  X  rays  would  come  out  in  difierent 
order.  Three  brands  of  plates  have  given  great  general 
satisfaction,  and  these  are  Cadett's' Lightning,' Edwards's 
'  Cathodal,'  and  Thomas's  *  Al.'  San  dell's  hkewise  have 
given  excellent  results,  as  also  the  *  Imperial '  Eontgen. 
With  the  Ilford  plates  the  '  extra  rapid '  were  not  so 
efficient  as  the  '  ordinary.'     The  only  ones  in  which  the 
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*  extra  rapid  '  ^\in\\  a  «li>tin('t  a(lvantap;c  over  the  slower 
plati'S  arc  those  hy  ^f('ssrs.  Cadctt  and  Neall.  As  a 
mattrr  of  personal  eijuation,  and  with  thi-  developer 
which  he  usually  employs,  the  autlior  gives  th(5  preference, 
for  direct  radiograi)hic  work  without  the  use  of  the  screen, 
to  the  *  Lightning'  hrand :  hut  he  has  seen  results 
equally  good  produced  on  Edwards's  *  Cathodal '  plates 
and  on  Thomas's  *  Al.*  As  a  little  guide  to  the  exposure, 
using  either  of  these  hrandsof  plates  in  conjunction  with 
a  good  ()-in.  spark  '  focus  '  tuho  at  a  distance  of  ahout 
8  in.  from  the  surface  of  tlie  plate,  an  adult  hand  should 
give  a  good  picture  in  ahout  ninety  seconds,  the  wrist 
in  ahout  live  minutes,  the  elhow  in  from  fifteen  to  twenty 
minutes,  the  knee  in  ahout  half  an  hour.  The  shoulder, 
the  thorax  and  the  hip  joint  may  take  half  to  three- 
quarters  of  an  hour,  according  to  the  thickness  the  rays 
have  to  traverse.  When  a  good  static  machine  is 
employed  instead  of  a  coil  these  exposures  are  consider- 
ably shortened,  and  Dr.  Monell  records  that  he  has  been 
able  with  his  machine  to  produce  a  negative,  showing 
with  considerable  distinctness  the  upper  portion  of  the 
spinal  column  of  a  man  aged  thirty,  with  ninety  seconds' 
exposure,  the  distance  between  the  tube  and  the  plate 
being  16^  in.  In  the  case  of  thin  metallic  objects, 
where  it  is  not  desired  to  show  any  detail  of  internal 
structure,  it  will  be  found  that  two  or  three  seconds  will 
suffice  to  produce  an  impression,  and  in  the  case  of  a 
static  machine  being  employed  a  single  flash  traversing 
the  tube  will,  if  this  latter  be  in  good  working  order, 
give  a   printable   negative.     The  exposure  being  com- 
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pleted,  the  operator  shuts  down  the  current  from  his 
coil,  or  other  means  of  exciting  the  tube,  and  returns 
with  the  Tylar's  bag  to  the  dark  room.  He  will  care- 
fully close  the  door  and  see  that  no  light  can  gain  access 
to  the  plate,  except  through  the  ruby-coloured  medium  of 
his  lantern.  He  then  places  in  readiness  two  ilat  dishes 
(each  of  which  must  be  kept  for  its  special  solution  and 
nothing  else),  in  the  first  of  which  he  pours  out  a  suffi- 
ciency of  developing  solution  to  entirely  cover  the  plate, 
and  into  the  second  the  fixing  solution.  The  developing 
solution  may  either  be  compounded,  as  below — viz. 

Stock  Solution 

Pyrogallic  acid .         .         .  .     1  oz.  avd. 

Ammoninm  bromide  •     i^  oz.    ,, 

Potass  metabisiilphite        .         .         .         .     1  oz.    ., 

Distilled  water  to  make  altogether  7  oz.  '6  drs.  tluid. 

Dissolve  the  metabisiilphite  and  bromide  in  part  of  the  distilled 
water  before  adding  the  pyrogallic  acid. 

A.  Stock  solution  1  oz.,  distilled  water  to  make  up  20  oz.  =  1  pt. 

B.  Ammonia  ('SSO)  2^  drs.,  distilled  water  to  make  up  20  oz. 
For  use  equal  parts  of  A  and  B  are  to  be  mixed  together — 

or  a  developer  made  according  to  the  following  recipe, 
and  containing  metoly  may  be  employed  : — 

No.  1 

Metol 

Sulphite  of  soda  ..... 
Bromide  of  potassmm  .... 
\yater  to  make  up         ...         . 

No.  2 
Carbonate  of  soda  crystals  . 
Water  to  make  up         ...         . 


120 

gi'- 

2 

oz. 

120 

Kf. 

20 

oz. 

2 

oz. 

20 

oz. 

L 
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In  use  equal  parts  of  Nos.  1  and  2  arc  mixed  together, 
and  water  equal  to  three  times  the  hulk  of  the  result- 
ing mixture  is  addrd.  Should  the  wi-ather  he  very  cold 
the  quantity  of  water  may  he  halved  ;  this  is  also  true 
in  the  case  where  the  exposure  has  heen  short.  The 
ferrous  oxalate  developer,  for  which  we  gave  the  formula 
at  §  41,  will  also  he  found  to  give  excellent  results.  But 
wo  strongly  recommend  the  operator  to  make  up  his 
developer  in  accordance  with  the  directions  given  hy  the 
makers  of  the  particular  hrand  of  plate  which  he  is 
using,  and  ahove  all  things  to  take  up  and  adhere  to  one 
make  of  plate  and  one  developer  until  he  has  mastered 
their  peculiarities.  No  good  accrues  from  continually 
changing  plates,  or  mixing  up  developers  according  to 
diflferent  recipes.  If  failures  do  occur  (and  when  will 
they  not  ?)  they  are  more  likely  to  depend  on  a  want  of 
skill  on  the  part  of  the  operator  than  upon  any  faults 
inherent  to  the  plates  or  the  developers.  The  plate 
is  now  removed  from  the  hag,  and  placed,  Fcnsitive  side 
upwards,  in  the  disli  containing  the  developer,  and  this 
latter  immediately  rocked,  to  cause  the  developer  to  flow 
equally  over  the  plate,  and  kept  rocking  in  order  to 
present  fresh  portions  of  the  developer  to  the  surface  of 
the  plate.  Little  by  little  the  image  will  appear,  and  the 
creamy-looking  film  will  gradually  darken  in  certain 
places  (where  acted  on  by  the  rays),  while  those  portions 
protected  by  bone,  metal,  or  other  bodies  more  or  less 
opaque  to  the  rays  will  not  change  colour.  To  judge 
when  the  development  has  been  carried  to  the  right 
point  is  by  no  means  an  easy  task  for  the  beginner ;  but 
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it  may  be  taken  as  a  general  rule  that,  when  the  dark 
portions  of  the  image  show  through  the  film,  so  as  to  be 
visible  by  reflected  light  from  the  back  (the  glass  or 
plain  side)  of  the  plate,*  the  photograph  is  Hiifhciently 
developed.  If  the  exposure  has  been  insufficient  the 
picture  develops  slowly  ;  the  parts  acted  on  by  the  light 
become  very  black,  and  the  shaded  portions  show  abso- 
lutely no  detail,  so  that  the  resulting  effect  is  that  of 
a  hard -outlined  silhouette  (fig.  37).  A  properly  exposed 
picture  does  not  develop  very  quickly,  generally  begins 
to  show  the  outlines  m  from  thirty  seconds  to  a  minute, 
and  may  require  from  fifteen  to  twenty  minutes'  develop- 
ment to  bring  out  every  detail  (fig.  38).  As  a  matter  of 
fact,  it  is  not  well  to  use  a  developer  of  such  a  strength 
that  it  causes  the  image  to  flash  out  quickly.  The  best 
pictures  are  certainly  produced  with  a  comparatively  slow- 
development  (see  latter  end  of  §  44).  If  the  picture  has 
been  over-exposed  (see  fig.  39)  the  image  appears  very 
quickly,  and  if  left  to  itself  would  become  grey  all  over, 
and  the  result  would  be  a  picture  so  flat  and  so  wanting 
in  contrast  as  to  be  almost  useless.  But  if  immediately 
on  the  sudden  appearance  of  the  image  the  plate  be 
removed  from  the  developing  solution  and  thoroughly 
washed,  and  then  put  into  a  similar  solution  which  has 
been  diluted  with  its  own  bulk  of  water,  and  to  which 
a  few  drops  of  a  10  per  cent,  solution  of  bromide  of 
potassium  have  been  added,  the  picture  may  be  saved. 
The   exact   amount  is  not  of  much   moment,  but   the 

'  This  will  not  be  visible  if  very  thickly  coated  or  double-coated 
plates  are  used ;  but  such  are  not  recommended  for  radiography. 

L  2 
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greater  the  over-exposure  the  hirger  may  bo  the  pro- 
portion of  adiled  l)n)iiiiclo. 

In  the  normally  exposed  piuturc  a  very  eoiisiderahlc 
amount  of  di^ail  will  be  seen  all  over  the  imaj^e.  In  the 
case  of  a  hand,  for  example,  the  folds  of  the  skin  between 
the  finjjjers,  the  texture  of  the  nails,  the  spon^jy  termina- 
tions of  the  linger  bones,  the  epiphyses  of  the  phalanges, 
and  in  a  young  hand  the  distmct  divisions  between  these 
latter  are  well  shown. 

No  part  of  the  plate,  except  that  which  is  not 
protected  by  the  hand,  will  be  entirely  blackened,  while 
on  the  other  hand  none  will  be  left  quite  white,  except 
that  lying  directly  under  some  metallic  object,  such  as  a 
ring,  a  sleeve-link,  or  a  shot.  When  the  picture  has 
been  suihciently  developed,  the  plate  must  be  withdrawn 
from  the  developing  solution,  and  well  washed  in  a 
stream  of  water.  For  this  purpose  the  dark  room  should 
be  furnished  with  a  sink  and  water  tap  in  connection 
with  a  cistern  or  main.  Failing  these,  the  plate  must 
be  washed  in  several  changes  of  water,  in  a  flat  dish, 
takmg  care,  of  course,  that  no  light,  except  that  from 
the  ruby  lantern,  gets  access  to  it,  until  all  trace  of  the 
developer  is  removed.  The  plate  should  then  be  placed 
in  the  dish  containing  the  fixing  solution,  face  upwards. 
Enough  fixing  solution  should  be  contained  in  this  dish 
to  cover  entirely  the  plate,  to  the  depth  of  at  least  a 
quarter  of  an  inch.  The  best  recij^e  for  the  fixing 
solution  is  : — 

Hyposulphite  of  soda        .         .         .         .         .     4  oz.. 
\Vater  .         .         .     1  pt. 
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Shortly   after  immersion  into  this  sohition,   it  ^vih 
be  noticed  that  the  milky  whiteness  of  the  unaffected 
portions  of  the  plate  disappears  ;  this  is  caused  by  the 
dissolution  of  the   unaltered   silver  salts  in  the  fixing 
solution,     whicli,    however,     leaves     untouched     those 
portions   whicli    have    been  acted  on  by  lif];ht    and   l)y 
the   developer.     Little   by  little  the  whole  of  the  un- 
affected portions  are  dissolved  out,  and  the  image  will  be 
then  seen  to  consist  of  more  or  less  clear  glass  with  a 
grey   or  brownish   image   on   a   darker  ground.      The 
plate  should  be  left  in  the  fixing  solution  for  at  least 
five  minutes  after  all  milkiness  (best  seen  from  the  back 
of  the  plate)  has  disappeared,  to  ensure  perfect  fixation. 
Light  may  now^  be  admitted  in  the  dark  room,  the  fixed 
plate  removed  from  the  fixing  solution,  and  washed  in 
abundance  of  running  water,  until  perfectly  free  from 
any    trace    of    hyposulphite.       The    quickest    way   of 
ascertaining   whether   the   plate   has   been    sufficiently 
w^ashed  is  to  allow  a  drop  to  trickle  from  the  bottom 
corner    of    the    plate    on     the    tongue.     Should    any 
appreciable  amount  of  hyposulphite  be  left  in  the  film, 
it  will  betray  its  presence  by  an  unmistakably  unpleasant 
metallic    and  sweetish  taste.      The  operators  must  be 
particularly  careful  to  wash  away  every  trace  of  fixing 
solution,  as  if  any  be  left  in  the  film  it  will  eventually 
destroy  the  picture,  and  surely  stain  the  paper  which  is 
used  in  the  after-printing  process.     The  picture,  having 
been   carefully   washed,    is  reared   up   to   dry   in   any 
convenient  place,   free  from  dust.     A  strip  of  blotting 
paper  along  the  lower  edge,  for  the  plate  to  rest  on,  will 
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facilitate  inattern.  The  spot  cliosen  for  the  drvinj^  of 
the  plates  should  he  dry,  and  may  he  traversed  hy 
currents  of  air,  hut  artilicial  heat,  or  inde(Ml  any  heat 
ahove  70'  F.,  should  he  avoided,  hecausc  the  daiuj) 
gelatine  surface  readily  softens  and  melts  at  a  higlitr 
temperature,  when  of  course  the  picture  would  he 
irretricvahly  spoiled.  Should  it  he  deemed  advisahle, 
for  the  sake  of  shortening  the  time  of  exposure,  to  use  a 
screen  in  conjunction  with  the  plate,  the  modus  operandi 
will  he,  in  all  respects  hut  one,  i)recisely  the  same. 
The  exception  is  that  the  inner  receptacle  (the  yellow 
envelope)  of  the  Tylar's  hag  must  previously  he  fitted 
with  a  celluloid  screen  (coated  on  one  side  with  the 
fluorescent  salt  chosen)  whicli  is  just  contained  in  the 
hag.  This  screen  must  he  placed  in  the  hag  with  its 
coated  side  facing  the  seamless  half  of  the  bag ;  and  to 
prevent  its  moving  about,  or  being  pulled  out  of  the  hag 
during  the  insertion  or  extraction  of  the  sensitive  plate, 
and  also  to  avoid  any  accidental  abrasion  of  tlie  surface 
of  the  latter  h}^  the  action  of  particles  detached  from  the 
surface  of  the  screen,  it  will  Ije  advisable  to  run  a  narrow 
line  of  glue  round  the  edges  of  the  screen,  and  thus 
glue  it  bodily  against  the  inside  of  the  seamless  portion 
of  the  yellow  envelope.  For  this  purpose  no  screen  has 
given  the  author  such  general  satisfaction  as  that  coated 
with  calcium  tungstate.  Even  when  employed  with 
ordinary  plates,  it  certainly  shortens  the  exposure  50  per 
cent. ;  and  if  the  plates  are  previously  *  orthochroma- 
tised '  by  staining  with  erythrosine,  the  exposure  may 
be  diminished   75  per    cent.     All  photogi*aphic  dealers 
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supply  suoli  plates,  and  if  tlic  operator  specifies  in 
orderinf^  that  he  recpiiros  plates  stained  specially 
sensitive  to  pale  yellowish  {^reen  li^dit,  he  will  have  no 
difficulty  in  ohtaininp;  them.  There  is  one  disadvantage 
connected  with  the  use  of  the  screen  in  ohtaining 
radiographic  pictures  which  must  he  adverted  to  liere, 
and  that  is  that  the  minute  crystals  with  which  the 
surface  of  the  screen  is  coated  reflect  the  light  which  they 
emit  under  the  influence  of  the  X  rays  in  many 
directions.  The  result  is  that  the  outlines  of  the  image 
are  not  quite  so  crisp  and  sharp  as  they  are  when  no 
screen  is  employed  ;  also  a  slight  hut  distinct //ra//?//ar//// 
is  imparted  to  the  image.  The  coarser  the  crystals 
on  the  screen,  the  more  noticeahle  is  this  effect,  hence 
the  ordinary  hrands  of  barium  platinocyanide,  though 
exquisite  for  direct-vision  work,  are  not  so  well  adai)t»Ml 
for  photographic  purposes.  If  barium  platinocyanide  or 
uranium  fluoride  are  used  on  the  screen,  orthochromatic 
plates  must  be  employed  in  conjunction  with  them, 
otherwise  the  yellowish  fluorescence  of  these  salts,  so  far 
from  shortening  the  exposure,  will  actually  lengthen  it. 
With  the  calcium  tungstate  screen  (whether  in  con- 
junction with  calcium  sulphide  or  alone)  it  is  not  so 
imperative  to  employ  orthochromatic  plates  ;  but  even 
in  this  case  their  employment  is  a  decided  gain  in  point 
of  time. 

The  negative  being  quite  dry,  the  careful  operator 
will  proceed  to  protect  its  .surface  by  giving  it  a  coat  of 
suitable  '  negative  varnish,'  which  he  will  procure 
from     any    photographic    dealer.      This    he    will    dry 
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thoroughly  before  a  clear  fire.     He  will  then  place  the 
negative  face  upwards  in  the  printing  frame,  and  over 
it  lay  a  sheet  of  sensitised  paper,  say  for  example  P.O.P. 
Over  this    he   places  the   hinged    back  of    the    frame, 
which  he  fastens  down  by  means  of  the  spring  clips. 
The   frame   is    then   taken   to    any   spot   where   clear 
unobscured  light  from  the  sky  can  fall  upon  the  surface 
of  the  plate.     Unless  the  negative  is  very  dense  indeed, 
it   will  be   better  not   to   expose  it  to  the  full  glare  of 
the  sun,  but   to   choose   a   spot   which,  without  being 
shaded,  does  not  receive  the  sun's  direct  rays.     Accord- 
ing to  the  density  of  the  negative,  the  operator  will  leave 
the  frame  exposed  to  light  for  a  period  which  may  vary 
from  two  and  a  half  to  twenty  minutes  or  even  half  an 
hour.     To  judge   of  the  progress   that   the  picture  is 
making  in  printing,  the  operator  will  remove  the  frame 
after,  say,  two  minutes'  exposure  to  light,  and,  withdraw- 
ing to  a  room  free  from  the  direct  rays  of  the  sun,  will 
unfasten  one  only  of  the  side  springs  of  the  printing 
frame,  and  lifting  up  one  half  of  the  hinged  back  will 
examine  (with  as  much  expedition  as  possible,  to  prevent 
the  paper  from  being  affected  even  by  diffused  light)  the 
resulting  print.     The  printing  must  be  carried  to  such  a 
point  that  the  picture  appears  much  darker  than  it  is 
intended  it  should  remain,  as  the  image  loses  a  great 
deal  in  intensity  during  the  after  processes  of  toning  and 
fixing.     The  printing  having  been  carried  to  a  suitable 
extent,  the  resulting  print   (or  prints,    if  several  have 
been    done)    is   immersed   into   water    contained    in   a 
suitable   flat   porcelain   washing   dish,  and   allowed  to 
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stand  under  a  tap  giving  a  fine  stream  of  running  water, 
until  all  milkiness  disappears.  When  this  is  the  case, 
the  print  should  be  at  once  removed  from  the  water,  by 
means  of  a  suitable  pair  of  horn  clips,  and  immersed  in 
the  following  toning  solution,  which  must  have  been  made 
up  the  day  before  : — 

Toning  Solution 

Chloride  of  gold 1  gr. 

Acetate  of  soda 30  gr. 

Distilled  water        .         .         .         .         .         .       5  oz. 

Here  the  print  must  remain,  with  constant  moving 
about  to  prevent  unequal  toning,  until  the  desired  colour 
has  been  attained.  It  is  needless  to  remark  that  the 
print  must  on  no  account  be  touched  with  the  fingers,  or 
allowed  to  come  into  contact  with  any  metallic  body,  or 
any  dirt  of  any  description,  otherwise  it  will  surely  be 
stained.  After  toning  sufficiently,  the  print  is  removed 
from  the  gold  solution,  washed  for  a  few  seconds  in 
running  water,  and  then  immersed  in  a  fixing  solution 
consisting  of: — 

Hyposulphite  of  soda         .         .         .         .         .     5  oz. 
Water        .         .         .         .         .         .         .         .     1  pt. 

Care  must  be  taken  to  avoid  air  bubbles,  and  to  see 
that  the  print  is  thoroughly  covered  by  the  solution. 
It  will  be  noticed  that  the  print  when  first  immersed  in 
the  fixing  solution  changes  colour,  losing  somewhat  of 
its  purplish  tint,  and  going  more  of  a  ruddy  tone  ;  but 
if  the  printing  and  toning  have  been  correct,  the  purplish 
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tone  returns  after  a  sliort  interval.     Tlic  print  Bliould  he 

left  in  this  sohition  for  not  less  than  ten  minutes,  being 

niovod  ahout  in  the  liijuid  from  time  to  time.     When  the 

fixation  is  complete — and  this  may  ho  pretty  accurately 

jud^^^'d  hy  holdinj^  tlu'  picture*  hetwcen  the  eye  and  the 

lij^dit,  when  the    paper   should   show    an    even    texture 

throughout,    without    having    any    '  measly '    spots    or 

patches — the  print  should  he  thrown  into  a  dish  of  water 

and  allowed  to  wash  therein  for  about  twelve  hours,  in  a 

running  stream  of  water.     Thor<nigh  washing  is  essential 

to  the  permanency  of  the  print  ;  if  any  hyposulphite  he 

left   in  the  paper,  the  picture  will  turn  yellowish  and 

.L^'radually  fade  away.     None  of  the  above  operations  are 

diflicult,   almost  any  one  can  master   the  details;  the 

great  essentials   to  success  in   photography  are  perfect 

cleanliness  of  all  the  apparatus  employed,  never  allowing 

the  solution  to  get  mixed  or  to  touch  the  plates,  dishes,  or 

l)aper  other  than  at  the  right  time  and  places ;  neatness, 

and  a  strict  observance  of  all  the  precautions  necessary 

to  the  avoidance  of  stray  white  light  getting  at  the  plates. 

In   this   latter  connection    it   must   be   noted  that   the 

sensitive  plates,  even  though  enclosed  in  the  light-tight 

boxes  in  which  they  are  usually  sent  out,  must  not  be 

allowed  to  remain  in  the  room  in  which  the  coil,  the 

AVimshurst,  cl'C,  and   tubes   are    usually   experimented 

with ;  otherwise  the  X  rays  will  certainly  penetrate  the 

cases,  and  '  fog  '  the  plates.     Even  if  kept  in  an  adjoining 

room,  it  will  be  well  for  the  sake  of  absolute  security  to 

keep  the  plate  boxes  in  an  outer  metallic  case,  such  as  a 

tin  trunk.     The  metal,  being  practically  impervious  to 
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the  X  rays,  will  effectually  shield  the  plates  from  their 
action. 

The  use  of  flexible  films  instead  of  rigid  glass  has 
been  advocated  l)y  some  operators ;  the  author  has  not 
had  personal  experience  with  either  paper  or  celluloid 
films,  but  the  following  remarks,  condensed  from  an 
article  in  the  '  Kodak  News '  for  March  1807,  may  be  of 
ser\dce  in  indicating  the  advantages  which  may  accrue 
under  certain  circumstances  from  the  use  of  a  flexible 
support  for  the  sensitive  film,  such  as  we  find  in  *  bromide 
papers,*  &c.  So  long  as  we  are  dealing  with  a  flat  object 
which  can  be  brought  closely  and  flatly  into  apposition 
with  the  sensitive  surface,  a  flat  and  rigid  glass  plate  will 
answer  our  purpose,  ])ut  as  soon  as  we  have  to  deal  with 
a  rounded  object,  which  cannot  fulfil  this  condition,  we 
must  lose  sharpness  at  some  part  or  other  of  the  image. 
It  must  be  evident,  then,  that  in  this  respect  at  least 
paper  has  a  marked  advantage  over  glass,  as  it  can  be 
bent  to  suit  the  contour  of  the  object.  Again,  glass  is 
known  to  present  considerable  opposition  to  the  X  rays, 
hence  the  radiation  cannot  be  projected  through  one 
glass  plate  to  another  below,  consequently  in  practice 
only  one  radiographic  image  can  be  obtained  at  one  time  on 
glass  plates.  Paper  on  the  other  hand  presents  practi- 
cally no  opposition  to  the  passage  of  the  rays,  so  that  as 
many  as  200  impressions  have  been  obtained  at  one 
operation  by  superimposing  as  many  sheets  of  Eastman's 
X  ray  paper,  and  placing  them  in  a  suitable  receptacle 
under  the  object  to  be  radiographed.  In  this  case,  of 
course,  the  more  opaque  portions,  as  metal,  brass,  vlirc, 
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came  out  white  on  iv  dark  grouii<l.  Thin  is  no  disadvan- 
tage. The  time  required  for  exposure  when  using  the 
abovi'-namod  paper  is  practically  the  same  as  that 
re(|uirt'd  for  ordinary  j)hites,  the  writer  of  the  above 
notice  having  obtained  good  pictures  of  tlio  liand  at  0  in. 
from  tlic  tube,  in  one  minute,  tlie  developer  used  being 
\\\v  ordinary  *  amidol '  solution.  At  the  end  of  Chapter  X. 
will  bo  found  a  few  radiographs  which  will  enable 
the  student  to  judge  of  the  ca}tabilities  of  radiography 
in  detecting  flaws  in  materials,  differentiating  bodies, 
and  localising  disease,  malformation  of  bones,  &c.,  &c. 


1.17 


CHAPTER   X 

THEORETICAL    CONSIDERATIONS 

§  64.  Knowing  so  little  as  we  do  of  the  real  nature 
of  electricity,  it  is  extremely  difficult  to  theorise  on,  or 
to  attempt  to  explain  in  a  satisfactory  manner,  the 
causes  of  the  results  we  have  just  studied,  and  which 
appear  to  depend  upon  the  passage  of  electricity  through 
extremely  high  vacua,  or  perhaps,  to  speak  more  correctly, 
upon  the  resistance  offered  by  high  vacua  to  the  passage 
of  the  electric  flow.  From  the  classical  experiments 
made  by  Professor  Crookes  several  years  ago  on  the 
motion  imparted  to  the  dissociated  atoms  or  molecules 
of  gas  in  a  so-called  high  vacuum  by  the  action  of  light, 
now  well  known  as  the  phenomenon  of  radiant  matter, 
it  would  appear  that  a  kind  of  rhythmical  motion  takes 
place  under  the  influence  and  in  the  direction  of  the 
lines  of  energy  applied,^  and  that  this  motion  gives  rise 
to  a  kind  of  molecular  bombardment  of  the  sides  of  the 
tube,  &c.,  enclosing  the  vacuous  space,  or  of  anybody 
therein  contained.  This  effect  is  well  seen  in  the  httle 
movable  vanes   of  Crookes's  radiometer,  the  blackened 

'  The  energy  may  be  either  in  the  form  of  light,  heat,  or  electricity. 
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surfaces  of  which  j^et  lieated  under  the  eflfect  of  the 
))oml)ardm('nt,  and  are  tlioniHclves  heaten  back  by  the 
naition  of  tlie  rebounding  molecules.  One  of  the 
theories  JR'ld  as  to  tlie  nature  of  the  cathode  rays  is 
tliat  llu'V  are  duo  to  particles  of  hif^hly  rardicd  gas, 
carrying  charges  of  negative  electricity,  and  moving  with 
great  velocities  which  they  have  acquired  as  they 
travelled  through  the  intense  electric  field  which  exists 
in  ihc  neighbourhood  of  the  negative  electrode.  The 
phosphorescence  of  the  glass  is  on  this  view  produced  by 
the  impact  of  these  rapidly  moving  charged  particles  ; 
tliough  whether  it  is  produced  by  the  mechanical 
violence  of  the  impact,  or  wliether  it  is  due  to  an  electro- 
magnetic impulse  set  up  by  the  sudden  reversal  of  the 
velocity  of  the  negatively  charged  particle — whetlier,  in 
fact,  it  is  due  to  mechanical  or  electrical  causes — is  an 
open  question.  This  view  of  the  constitution  of  the 
cathode  rays  explains  in  a  simple  way  the  deflection  of 
those  rays  in  a  magnetic  field,  and  it  has  received  strong 
coniirmation  from  the  results  of  an  experiment  made 
by  Perrin.  Perrin  placed  inside  the  exhausted  tube 
a  cylindrical  metal  vessel  with  a  small  hole  in  it,  and 
connected  this  cylinder  with  the  leaves  of  a  gold-leaf 
electroscope.  The  cathode  rays  could,  by  means  of  a 
magnet,  be  guided  so  as  either  to  pass  into  the  cylinder 
through  the  aperture  or  be  turned  quite  away  from  it. 

Perrin  found  that  when  the  cathode  rays  passed  into 
the  cylinder  the  gold-leaf  of  the  electroscope  diverged, 
and  had  a  negative  charge,  showing  that  the  bundle  of 
cathode  raj's  enclosed  by  the  cylinder  had  a  charge  of 
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negative    electricity.      CrookeH    hail    many   years   ago 
exposed  a  disc  connected  with  a  gold-leaf  electroscope  to 
the  bombardment  of  the  cathode  rays,  and  found  that 
the    disc    received  a  slight    positive  charge  ;  with    this 
arrangement,  however,  the  charged  particles  had  to  give 
up   their  charges  to  the  disc  if  the  gold-leaves  of  the 
electroscope  were  to  be  affected,  and  we  know  that  it  is 
extremely  difficult,  if  not  impossil)l(',  to  get  electricity  out 
of  a  charged  gas  merely  by  bringing  the  gas  in  contact 
with  a  metal.     Lord  Kelvin's  electric  strainers  are  an 
example  of  this.     It  is  a  feature  of  Perrin's  experiment 
that,  since  it  only  acts  by  induction,  the  indications  of 
the  electroscope  are  independent  of  the  communication 
of  the  charges  of  electricity  from  the  gas  to  the  cylinder, 
and,  since  the  cathode  rays  fall  on  the  inside  of  the  cylinder, 
the  electroscope  would  not  be  affected  even  if  there  were 
such   an    eft'ect   as  is  produced  when   ultra-violet  light 
falls  upon  the  surface  of  an  electro  -negative  metal,  when 
the  metal  acquires  a  positive  charge.     Since  any  such 
process   cannot  affect  the   total   amount   of    electricity 
inside  the  cylinder,  it  will  not  affect  the  gold -leaves  of  the 
electroscope  ;    in  fact,  Perrin's  experiments   prove  that 
the  cathode  rays  carry  a  charge  of  negative  electricity. 
The  author  is  not  quite  satisfied  that  the  deduction  con- 
tained in  the  last  sentence  (by  Professor  J.  J.  Thomson) 
is  quite  justified  by  the  premisses.    While  fully  admitting 
that  the  results  are  due  purely  to  induction  (which  is 
substantiated  by  the  experiment  noted  at  §  8),  it  is  not 
quite  so  sure  that  the  interposition  of  media  of  different 
specific  inductive  capacities  between  the  tube  and   the 
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cloctroscope  may  not  inHiicnce  and  modify  the  result. 
It  must  be  noted  that  the  Lenard  or  cathode  rays  are  by 
many  not  considered  identical  with  the  linntgen  rays. 
Tlie  catliodi'  rays  can  be  emitted  when  the  vacuum  is 
as  low  as  that  represented  by  Tfrl^Trr.  ^^  the  ordinary 
atmospheric  pressure,  while  to  ensure  the  production  of 
the  Kontgen  or  X  rays  the  vacuum  must  be  carried 
much  farther.  The  cathode  or  Lenard  rays  are  readily 
deflected  by  a  magnet  ;  not  so  the  true  X  rays. 

Hut  this  divergence  may  depend  more  upon  an 
alteration  in  vibration  rate  than  upon  any  essential 
ditlVrcnce  in  the  nature  of  the  rays  themselves,  just  in 
the  same  way  that  the  invisible  ultra-violet  vibrations 
take  up  another  vibration  rate,  and  become  visible  as 
Itlui'  I'Kjht  on  impinging  upon  a  surface  of  quinine  in 
solution.  In  one  of  Lenard's  first  experiments  in  this 
du'ection  he  found  that  his  *  cathode  *  rays,  even  after 
traversing  a  thin  aluminium  screen,  were  capable  of 
atfecting  and  causing  to  phosphoresce  (fluoresce  ?)  that 
euphoniously  named  body  '  pentadecylparatolylketone,' 
and  of  giving  a  distinct  photographic  image  through  alu- 
minium and  through  quartz.  He  thus  arrived  at  two  of 
the  most  striking  results  obtainable  from  the  Eontgen 
rays  proper.  Among  others  who  hold  the  above  view 
in  its  most  advanced  form  is  M.  Tesla.'  He  states 
*  that  the  electrical  conditions  within  the  tube  from 
which  the  rays  issue  produce  absolute  motion  in  the 
particles.'  He  avers  that  he  can  feel  the  eifects  of  these 
particles   striking  against  his  eye,  and  has  noted  the 

'  English  Meclmnic. 
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sensation  they  produce  when  they  como  in  contact  with 
his  brain.     He  says  :  *  There  is  little  doubt  now  that  a 
cathodic   stream   within   a  l)ulb  is  composed   of   small 
particles  of  matter  thrown  off  at  great  velocity  from  the 
electrode.     The  velocity  attained  can  be  estimated,  and 
fully  accounts  for  the  mechanical   and  heating   effects 
produced  by  the   impact  against   the  wall  or  obstacle 
opposed  to  the  l)ulb.     It  is  moreover  an  accepted  view 
that  the  projected  lumps  of  matter  are  like  innumerable 
infinitesimal  bullets.     It  can  be  shown  that  the  velocity 
of  the  stream  may  be  as  much  as  100  kilometres  per 
second,  or  even  more.     And  matter  moving  with  such 
great  velocity  must  surely  penetrate  great  thicknesses  of 
the  obstruction  in  its  path,  if  the  laws  of  mechanical 
impact  are  at  all  applicable  to  the  cathodic  stream.     I 
have  so  much  familiarised  myself  with  this  view  that  if 
I  had  no  experimental  evidence  I  would  not  doubt  that 
some  matter  is  i^r ejected  through   the  thin  wall  of   a 
vacuum  tube.     The  exit  from  the  latter  is,  however,  the 
more  likely  to  occur,  as  the  lumps  of  matter  must  be 
shattered  into  particles  much  smaller  still  by  the  impact. 
From  my  experiments   it  appears   that  the   lumps   or 
molecules  are  indeed  shattered  into  fragments  or  consti- 
tuents so  small  as  to  make  them  lose  entirely  some  of 
the  physical  properties  which  they  possessed  before  the 
impact.     The  matter  composing  the  cathode  stream  is 
reduced  to  matter  of  some  primary  form  not  heretofore 
known,  as  such  velocities  and  such  violent  impacts  have 
probably   never  been   studied  or  even  attained,  before 
these  extraordinary  manifestations  were  observed.     The 

M 
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important  fact  early  pointed  out  l)y  PontRcn,  and  con- 
finned  by  subsequent  researcheH  namely,  that  the 
(•parity  of  a  body  to  these  rays  is  as  a  general  rule 
directly  proportionate  to  its  dcnnity,  cannot  be  explained 
as  satisfactorily  by  any  other  assumption  than  ihtki  t 
the  rays  being  -streams  of  matter,  in  which  case  sucn 
simple  relation  between  opacity  and  density  would 
necessarily  exist.' 

§  65.  The  other  view  held  as  to  the  constitution  of 
the  cathode  rays  is  that  they  are  iravm  in  the  rfJnr.  It 
must  be  admitted  that,  with  the  highly  hypothetical  and 
varying  properties  attributed  to  the  ether,  this  is  by  no 
means  a  satisfactory  exi)lanation.  Premising  that  few 
physicists  agree  as  to  the  precise  attributes  of  *  ether,' 
the  following  definition,  given  by  Professor  Oliver  Lodge, 
may  be  of  service  in  assisting  the  comprehension  of  what 
follows.  *  Ether,  a  continuous  medium  pervading  all 
space  and  all  matter,  but  possessed  of  inertia ;  the 
medium  by  means  of  which  energy  and  motion  are  trans- 
mitted from  atom  to  atom.'  Then  again  Professor 
Lodge  asks  the  question,*  '  Is  the  ether  electricity  then  ? 
Positive  and  negative  electricity  make  up  ether.'  The 
cliief  reason  adduced  for  supposing  that  the  cathode  rays 
are  a  species  of  wave  motion  is  afforded  by  Lenard's 
discovery  that  when  the  cathode  rays  in  a  vacuum  tube 
fall  upon  a  thin  aluminium  window  in  the  tube,  rays 
having  similar  properties  are  observed  on  the  side  of  the 
window  at  the  exterior  of  the  tube ;  this  is  readily 
explained  on  the  hypothesis  that  the  weaves  are  a  species 

'  Modern  Vieivs  of  Electricity. 
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of  wave  motion  to  which  the  window  is  partially  trans- 
parent, while  it  is  not  very  likely  that  particles  of 
gas  within  the  tube  would  force  their  way  throu<,di  a 
piece  of  metal.  But  up  to  the  present  time  all  efforts  to 
obtain  any  movement  in  '  ether  '  have  failed.  Professor 
■J.  J.  Thomson,  speaking  on  this  subject  at  the  British 
Association,  adverts  to  this  fact  in  the  following  words  : — 

You  are  all  doubtless  acquainted  with  the  heroic  attempts 
made  by  Professor  Lodpfo  to  set  the  ether  in  motion,  and  how 
successfully  the  ether  resisted  them.  It  seems  to  be  conclusively 
proved  that  a  solid  body  in  motion  does  not  set  in  motion  the 
ether  at  an  appreciable  distance  outside  it.  We  have,  at  the 
Cavendish  Laboratory,  using  Professor  Lodge's  aiTangement  of 
interference  fringes,  made  some  experiments  to  see  if  we  could 
detect  any  movement  of  the  ether  in  the  neighbourhood  of  an 
electric  vibrator,  using  the  spark  which  starts  the  vibration  as  the 
source  of  light.  The  movement  of  the  ether,  should  it  exist,  will  be 
oscillatory,  and  with  an  undamped  vibrator  the  average  velocity 
would  be  zero ;  we  used,  therefore,  a  heavily  damped  vibrator,  the 
average  velocity  of  which  might  be  expected  to  be  finite.  The 
experiments  are  not  complete,  but  so  far  the  results  have  been 
entirely  negative. 

Sir  George  Stokes  originally  held  the  opinion  that 
the  Rontgen  rays  were  transverse  waves.  But  the 
absence  of  any  reliable  evidence  of  the  diffraction  of 
these  rays  has  induced  him  to  abandon  this  view.  He 
does  not,  however,  accept  Lenard's  theory  that  the  Bontgen 
rays  differ  from  the  Lenard  rays  in  degree  only.  He 
adopts  the  theory  that  the  cathode  rays  are  a  stream  of 
flying  particles.  The  bombardment  of  the  anticathode 
(the  anodal  plate)  by  the  cathode  rays  produces  a  rapid 
series  of  non-periodic  disturbances,  which  are  propagated 

M    2 
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from  it  in  overv  direction.  Sir  George  Stokes  hiiB  satis- 
fn  (1  hinisrlf  l»y  iiKitliematical  invostiKation  that  Hueli 
non-periodic  disturbance  would  not  exhil)it  dilTraction 
plienoniena.  The  theory  of  dilTraction  hIiowk  that  a  suc- 
cession of  timed  periodic  imj)ulse8  is  necessary  for  the 
pro(hicti()n  of  such.  lie  exphiins  the  production  and 
propjif^ution  of  Lenard's  rays  in  a  vacuum,  ))y  the 
analo/^y  of  a  copper  phito  phiced  in  a  sohition  of  sulpliate 
of  coi)per,  throuj^h  which  a  current  is  i)as8ing.  As  is 
well  known,  the  copper  molecules  appear  in  this  case  to 
pass  through  the  copper  plate,  hut  the  explanation  in  the 
terms  of  Grotthuss'  theory  is  simple  and  well  known. 

§  60.  Leaving  the  reader  to  decide  between  the  merits 
of  these  two  theories,  we  present  him  with  another 
*  working  hypothesis,'  which,  although  it  may  not  turn 
out  eventually  to  be  correct,  at  least  so  far  connects  the 
various  phenomena  together  as  to  enable  the  student  to 
grasp  the  known  facts,  and  to  be  able  to  relegate  into 
their  proper  places  new  ones  w^hich  may  arise. 

On  this  view  it  is  supposed  that  those  manifestations 
which  were  formerly  known  under  the  name  of  '  impon- 
derables'— to  wit,  heat,  light,  and  electricity — are  one  and 
all  simply  modes  of  motion  in  the  molecules  (or  perhaps 
atoms)  of  matter.  AVhat  this  motion  is  we  know  not, 
how  produced  ah  i>ri<ixnr  is  likewise  a  mystery  to  us  ;  for 
in  Nature  we  can  only  become  cognisant  of  two  things — 
x-iz.,  matter  and  motion,  the  former  of  which  we  imagine 
we  know  something  of,  while  of  the  latter,  except  in  its 
manifestation  in  matter,  we  know  nothing,  except  that 
we  can  neither  produce  it  nor  destroy  it.     Now  the  chief 
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ditYerenco,  as  far  as  we  can  judge,  between  tlie  three 
*  iniponderal)les  '  above  mentioned  lies  in  the  vibration  or 
oscillation  rate  set  up  in  the  atoms  or  molecules  of  the 
bodies  manifesting^  them.  Something  also  may  depend 
on  the  direction  of  these  vibrations,  and  whether  they 
are  complicated  by  the  simultaneous  presence  of  rotary 
motion  of  the  molecules  or  not.  For  instance,  it  is 
known  that  the  yellow  light  given  out  by  sodium  requires 
tlie  sodium  atom  to  make  five  hundred  million  vibrations 
in  the  millionth  part  of  a  second.  A  viln'ation  rate  of 
about  four  hundred  millions  in  the  millionth  of  a  second 
will  cause  carbon  to  give  out  red  light  and  heat,  while,  to 
push  the  analogy  still  further,  with  masses  instead  of 
molecules  or  atoms,  a  vibration  rate  of  512  vibrations 
per  second  will  cause  a  stretched  string  or  a  column  of 
air  to  emit  that  sound  which  we  recognise  as  the  C  one 
octave  above  the  middle  of  the  pianoforte.  The  lengths 
as  well  as  the  vibration  rates  vary  according  to  cir- 
cumstances ;  thus  a  condenser  of  1  microfarad  capacity, 
discharging  through  a  coil  having  a  self-induction  of  1 
secohm,  will  give  rise  to  waves  1,200  miles  long,  and  the 
rate  of  its  oscillation  is  157  complete  swings  per  second.' 
By  altering  the  length  of  the  circuit,  or  by  introducing 
self-induction  coils,  we  can  shorten  these  waves  and 
quicken  the  oscillation. 

Taking  it  for  granted,  then,  that  by  altering  the  vibra- 
tion rate  of  matter  we  can  cause  it  to  manifest  either 
heat,  light,  or  electrical  phenomena,  it  will  not  be  difficult 
to  understand  that  when  a  molecular  disturbance  is  set 
'  Lodge,  Modeiii  Views  of  Electricity. 
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up  by  a  difference  of  potential  in  a  tube  containing  dry 
air  or  nirb.^n  dioxide  at  tbe  usual  preHSure,  the  moleculeH 
will  take  up  a  given  oscillation  rate,  with  a  certain  lengtli 
of  wave,  and  that  the  raoleculen  being  closely  packed  the 
waves  will  be  short  enougli  to  affect  the  eye  as  ordinary 
light.  Other  i)henomena  may  and  do  actually  accomjiany 
this  manifestation  of  light,  as,  for  example,  magnetisa- 
tion of  iron  or  steel  placed  at  right  angles  to  the  line  of 
molecular  liow,  and  this  through  substances  which  are 
absolutely  opaque  to  the  rays  of  liglit.  If  the  air  in  the 
tube  be  rarefied  by  exliausting  the  tube,  a  point  is  soon 
reached  at  which  the  molecules,  being  freer  to  move  with- 
out collision,  give  forth  liglit  of  less  intensity — id  est,  of 
such  wave  length  as  not  to  be  so  readily  appreciated  by 
the  human  eye.  When  the  exhaustion  has  reached  a 
certain  point  of  high  vacuum,  very  httle  light  is  per- 
ceptible. This  means  that  few  or  no  waves  having  a 
vibration  rate  lying  between  400,000,000  and  700,000,000 
per  second  (the  limits  of  ordinary  vision)  are  set  up.  But 
the  waves  are  there,  as  can  be  proved  by  the  possibility 
of  taking  a  photograph  w^ith  them  through  a  sheet  of 
aluminium,  or  by  reconverting  them  into  light  by  allow- 
ing them  to  fall  on  a  suitable  fluorescent  surface,  which, 
either  by  altering  the  vibration  rate  or  the  wave  length, 
or  both,  restores  to  them  the  power  of  affecting  the  retina. 
At  this  point  of  exhaustion  the  wave  stream  constitutes 
the  cathode  rays.  On  continuing  still  further  the  exhaus- 
tions, the  molecules  in  the  tube  find  yet  less  obstruction 
to  their  motion,  hence  probably  the  velocity  is  greater 
while  the  wave  length  may  be  longer  or  shorter  according 
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to  the  condition  of  the  circuit.     At  any  rate,  very  little 
light  as  such  is  now  given  off,  and  what  is  seen  is  probably 
due  to  the  vibration  set  up  in  the  molecules  of  the  glass 
tube  itself.     At  this  point    we  have  the  production  of 
X  rays  proper,  accompanied  no  doubt  by  others,  such 
as  some  light,  some   heat,  and  a  considerable  display 
of  induction.     To  explain  the  possibility  of  these  waves 
being  able  to  act  on  bodies  outside  the  tube,  it  is  by  no 
means  necessary  to  fall  back  on  *  the  ether.'     It  wuU  be 
quite  sufficient  to  remember  that  if  we  ring  a  given  note 
loudly  near  a  wine  glass  we  can  cause  it  to  enter  into 
vibration  so  as  to  give  out  the  same  note,  or  that  if  we 
strike  a  suspended  sheet  of  iron  on  one  side  we  can  cause 
the  air  on  the  other  side  to  enter  into  vibrations  corre- 
sponding to  those  imparted  to  the  sheet,  to  understand 
that  the  glass  tube  may  enter  into  a  similar  rate  of 
vibration  as  the  moving  molecules,  and  may  impart  to 
the  surrounding  air  a  rate  of  vibration  and  a  wave  length 
of  corresponding  value.     Here  we  must  pause  to  consider 
the  meaning  of  transparency  when  used  in  relation  to 
these  different  waves.     In  speaking  of  light  we  have  no 
difficulty  in  understanding  it ;  then  it  simply  means  the 
property  of  allowing  rays  of  a  certain  length  and  rapidity 
to  pass  through  and  affect  our  eye. 

But  it  does  not  follow  that  because  a  body  is  opaque 
to  the  vibration  w^e  call  light,  that  it  shall  be  so  to  others, 
or  viee  versa.  For  instance,  alum  is  fairly  transparent 
to  light  waves,  while  it  permits  the  passage  of  only  0*12 
of  the  heat  waves.  On  the  other  hand  a  solution  of 
iodine  in  carbon  bisulphide,  which  is  almost  opaque  to 
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lij;lit,  alK)WH  luMit  to  puHH  very  treely.     So,  apiin,  a  nlieet 
of  metal  is  virtually  opaijue  to  electrical  waves,  while  a 
sheet  of  ehonito  allows  imhu'tion  to  take  place  throuj^Oi 
it  freely.     A  sheet  of  iron,  a  hlock  of  hard   wood  will 
easily  transmit  the  vihration  rate  we  call  sound  ;  while 
both  tlu'so  bodies  are  opajpic  to  ordinary  li'^ht.     It  will 
not  he  surprising,  then,  to  lind  that  many  bodies,  such  as 
wood,  leather,  paper,  ebonite,  &c.,  are  easily  traversed 
by   the   particular  wave  len^^th  and  vibration  rate  set 
up  by  the    electric    flow    in  the  highly  exhausted  tube 
employed  for  the  production  of  the  X  rays,  and  thence 
either  by  induction  or  else  directly  by  the  rhythmic  move- 
ment of  the  walls  of  the  tube  itself  in  obedience  to  the 
impulses   imparted   to    them,    more   especially   in    the 
direction  of   the  lines  of  reflection  from  the  anode,  to 
these  surrounding  bodies.     The  photographic  efi'ects  of 
these  rays  may  or  may  not  be  purely  inductive  electrical 
effects  (see  §  4).    In  the  former  case  we  should  expect  the 
rays  to  act  most  powerfully  when  falling  on  the  surface  of 
a  body  of  high  specific  inductive  capacity,  as,  for  example, 
I'bonite  ;    while  very  little  effect  should  be  set  up  if  a 
])ody  of  poor  inductive  capacity,  as  a  metal,  were  inter- 
posed (this  is  actually  the  case).     But  in  all  probability 
other  vibration  rates  accompany  the  electric  ones.     The 
effect  is  not  so  immediately  perceptible  when  we  attempt 
to  recognise  this  new  order  of  transparency  by  the  eye 
alone,  although  it  has  been  recently  shown  by  Professor 
Brandes  that  the  retina  of  the  normal  eye  is  somewhat 
sensitive  to  the  Eontgen  rays,  even  without  a  fluorescent 
screen,  and  when  the  eye  itself  is  shielded  b}'  a  sheet  of 
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aluminium.     But  directly  wo  reconvert  these  vibrations, 
which   have    traversed    flesh,    leather,    bricks,    wooden 
billets,  &c.,  into  ordinary  lij^ht  by  altering;  their  vibra- 
tion rates  (as  we  can  do  by  means  of  suitable  fluorescent 
bodies),  we  become  cognisant  of  the  fact  that  there  are 
very  few   bodies  indeed    which  are  not  transparent   to 
suitable  vibration  rates.     And,  in  fact,  it  is  now  an  ac- 
knowledged fact  that  the  so-called  X  rays  are  not  homo- 
geneous, but  are  of  many  kinds,  differing  in  penetrative 
power,  this  quality  depending  first  on  the  induction  in 
the  circuit,  second  the  state  of  the  vacuum,  third  the 
form  of  the  tube,  and  fourth  the  nature  of  the  emitting 
surface :  conditions  which  can  and  do  largely  influence 
the  wave  length  and  the  vibration  rate  of  the  moving 
molecules. 

§  67.  Although  it  is  practically  impossible  to  render 
justice  with  a  print  from  a  block,  to  the  delicacy  and 
fineness  of  detail  that  can  be  obtained  in  a  good  radio- 
grai^jh,  we  trust  that  the  accompanying  reproductions 
may  prove  acceptable,  as  showing,  in  some  small  degree, 
the  capabilities  of  radiography  in  the  hands  of  medical 
men  and  others. 

Fig.  40  show^sthe  appearance  presented  when  the 
human  chest  is  viewed  through  thefluoroscope  (illustrated 
at  fig.  35),  actuated  by  a  good  tube.  This  picture  is 
due  to  M.  Gaston  Seguy,  and  was  taken  with  a  bianodic 
tube. 

Fig.  41  is  a  good  example  of  the  ease  with  which 
shot,  or  other  metallic  bodies,  embedded  in  the  flesh, 
can  be  located.    The  coat  sleeve  and  cuff,  being  virtually 
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transpiiront  to  i\w  X  rays,  havo  left  litthi  or  no  indica- 
tion   of   tlu'ir    proHtmce  ;     I  nit    the    sleovo    links,   Ix'inf; 
metallic.  hav(»  j^ivcn  a  strong  impression.     The  author 
is  iiult'htt'd  to    Messrs.  R.  W.  Thomas  for    i)crmis8ion 
to  rei)roiluce  this  iuw,  picture.     It  was  taktii  on  one  of 
their  *  A  1  '  plates  with  an  exposure  of  two  minutes,  and 
developed  with  their   '  Universal '   developer.     The  tuhe 
was    aljout   1'    in.    ahove   the   hand.     An   example  of  a 
cliopper    cut    to    the    middle   lin/^er,    and    of   strumous 
dactylitis  in  the  metacarpal,  occurring  in  one  and  the 
same  hand,  is  given  at  fig.  42.     Gerard  Smith,  Esq., 
M.li.C.S.    London,    kindly    placed    this    picture   at  the 
author's  disposal,  as  also  lig.  13,  which  shows  a  case  of 
tuhercular  disease  of  the  tihia   (originating  in  a  twist 
and  blow,  the  foot  having  been  caught  in  the  flywheel  of 
a  heavy  sewing  machine).     By  means  of  the  radiograph 
this  gentleman  was  enabled  to  verify  the  existence  of 
a  tubercular  cavity,  accompanied  by  an  almost  complete 
destruction  of  the  healthy  *  cancellous  '  bone.    The  cavity 
was  opened  from  above  and  the  contents  evacuated.      A 
cure  was  the  result.     It  may  be  here  mentioned,  as  a 
guide  to  the  worker,  that  these  pictures  were  taken  on 
Edwards'  *  cathodal '  plates,  slowly  developed  with  pyro- 
soda,  along  with  metubisulphite  of  soda,  but  no  bromide. 
The  development  took  half  an  hour  to  complete,  recking 
the  whole  time.    The  tube  used  was  a  bianodic,  working 
with  about  9  in.  spark.     The  distance  from  the  tube  to 
the  foot  was  2  ft.,  the  exposure  dve  minutes  only. 

Fig.  44  is  a  radiograph  of  the  knee  and  its  cap ;  while 
fig.    45    shows    the  human   pelvic    basin.     This   latter, 
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owiii^j  to  tlio  thickness  of  tlio  fleshy  portions,  is  ratlier 
a  diiiicult  ohject  to  take  succcBsfiilly,  as  in  order  to 
get  sharp  outHnes  of  the  bones,  without  distortion,  the 
tube  must  be  at  some  distance.  By  kind  permission 
of  M.  Gaston  Scguy,  of  the  lladiographie  Institute  of 
France,  we  are  enabled  to  reproduce  these.  M.  G.  Seguy 
is  an  enthusiastic  worker  in  this  direction,  and  has  just 
communicated  to  the  autlior  the  result  of  some  experi- 
ments, which  tend  to  prove  that  by  coating  or  staining 
the  tube  with  certain  materials,  either  in  the  form  of  fine 
powder  or  otherwise,  it  is  possible  so  to  modify  the 
vibration  rate  of  the  effluent  rays  as  to  enable  a  radio- 
graph to  be  taken  in  a  very  much  shorter  time  than 
without. 

Mr.  George  Avery,  whose  photo-micrographic  work 
is  second  to  none,  has  been  equally  successful  in 
radiography  ;  and  among  the  many  beautiful  pictures 
he  kindly  placed  at  our  disposal  for  reproduction  we 
have  selected  fig.  46,  which  shows  the  relative  trans- 
parency of  various  substances  to  the  X  rays.  The 
exposure  given  was  2^  minutes  on  a  rather  slow  plate. 
The  square  marked  1  is  the  faint  image  given  by  mica, 
2  is  a  piece  of  wood,  3  is  tinfoil,  4  is  a  vulcanite  disc, 
5  is  a  brass  disc,  6  is  the  image  given  by  the  tooth  of 
a  horse,  7  a  brass  medal,  8  a  piece  of  cork,  9  is  a  thin 
micro-covering  glass ;  by  comparison  it  is  seen  to  be 
almost  as  opaque  to  the  rays  as  the  vulcanite  No.  4. 

No.  10,  which  is  a  piece  of  india-rubber,  is  interest- 
ing as  showing  the  difiference  of  X  ray  transparency 
imparted  to  the  rubber,  by  the  addition  of  sulphur,  as 


172  liADJuaiiArijy 

in  No.    I   and   No.    12.     No.   11   is  ji  Hteel  spring,  and 
No.  12  II  vulcaniBod  india-rulihrr  ring. 

I'i^'.  17  is  a  radiograph  of  a  mouse.  This  was 
taken  on  a  C'adett  '  Lightning  '  plate,  the  tube  being 
T)  in.  from  the  mouse,  with  an  exposure  of  1  minute. 
The  developer  used  was  the  old  *  ferrous  oxalate.' 


FlQ.  40.— KADIOOaAJH  THHODGH   HUiLlN  CHEST. 


FiQ.  41.— Hand  with  Shot  I.mrhii>ki>, 


Tio.  42.— Strcmois  Dactvi.his. 


riG.  44.— Knkk  and  Cat 


Fig.  45.— Humax  Pjklvic  Basin. 


Flu.  46.— Degkeks  of  Tuaxsfarexcy. 


Fjg.  47.— Radiograph  of  Mocse, 
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—  tubes,  double,  66 
four.  69 

'  Cathodal '  plates,  Edwards',  143 
Cells,  testing  for  voltage,  123 
Celluloid  in  aniyl  acetate,  113 

—  sheet,  12U,  136 
Ohabaud  tube,  71 
Choice  of  current,  53 

fluorescent  Ixxlies  104 

photographic  plates,  142 

tube,  13U 

Chromic  aciil  battery,  53 
Coil,  amperes  suitable  for,  125 

—  base  or  stand  for,  51 

—  batterj'  for,  53 

—  connecting  sections  for,  41 

—  dynamo  for,  58 

—  ebonite  tube  for,  30 

—  E.M.F.  of,  27 

—  heails  for,  31 

—  induction,  21 

—  iron  core  for,  28 

—  making  a  3",  26 
a  6",  27 

terminals  for,  25,  124 

—  paraffin  bath  for.  35 

—  IK)sition  of  i)arts  of,  51 

—  section  winder  for,  39,  40 

—  selection  of,  24 

—  simple  winder  for,  33 

—  superiority  of  static  machine  over,  99 

—  washers  for,  32,  33 

—  winding  core  for,  29 
secondary  for,  31,  38 

Coils,  self-induction  increases  jxfnetratiTe 

power,  139 
Colardeau  tulje,  71 
Cold  tul>e,  result  with,  20 
Collectors  for  Wimshurst,  81,  84 
Commutator,  or  reverser,  49 
Composition  for  screen,  19 
Condenser,  43 
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DANOKU«>rs  BhockH,  12& 
D*Ar»«nvul  tulx?,  71 
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Dt-v  '•■•-•    '.  U» 
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D.  .92 

Diffeii  ii.t'«  iu  X  rnys,  03 

Dlroct  rniHogrnphy,  piM>ors  ami  ninis  for, 

165 
Discharge,  bnish,  S4 

—  glow,  84 

—  star,  M  u  1... 
Distance  between  plates  an«l  tube,  144 
Doctoriug  ft  tube,  i:t2 

Double  catho<le  tu»x?,  G6 

—  spring  oontrtct-bn'iikcr,  48 
Driviiiii:  bands  for  NViMislmrst,  83 
Dynamo,  alternator,  69 

—  for  coils,  58 

—  precaution  when  using,  12/ 

Ebon'ITE  tube,  30 
Blwarls'  '  Catlio<lar  plates,  143 
Effect  of  contact-breaker,  126 
Electrical  inmt'es,  6 

by  iniluction,  7,  8 

E.M.F.  of  coils,  27 
Krythrosine  silver,  118 
'Ether'  theory,  162 
Experiments,  Crookes',  159 

—  Perrin's,  158 

—  Porter's,  20 

—  Sbettle's,  9 

—  visual,  123 
Exposure,  141, 146 

—  correct,  147 

—  over,  147 

—  screens  shorten,  116 

—  under,  147 

Ferrous-oxalate  developer,  92 
Films  and  papers  for  direct  radiography, 
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IlKADrt  for  coll,  31 
Heat  plcturi'H,  Abney'ii,  2 
High  emdcncv  tuben,  96 
—  prcHHure  tubes*,  14 
Holiz  niurhlne,  94 
lloo<l  for  «:n>cn,  115,  185 

ll.KoUD  platen,  \\'-\ 
1  rnagi-H,  ckn-trlcal,  6 

by  induction,  7,  8 

'  Imperial '  lUintgcn  platen,  143 
Indu.tion  coil,  21 
Intensiflcution,  92 
1  rou  core  for  coil,  28 

Jackhox  tubes,  71 

KcnMUZESt  u  tubes,  71 

LexakI)  and  Rilntgen,  19 
Le  lloux  tubes  71 
Ley  den  jars  for  Wimshurst,  79 
Light  and  vacua,  15 
Light,  canary  vdlow,  91 
Light-tight  bags,  Tylar'N  89 
'Lightning'  plates,  Ca^lett  s,  143 
List  of  fluorescent  bodies,  102 

Makixo  a  3"  coil,  26 
_  a  6"  coil,  27 

—  screens,  112 
Management  of  tube,  131 
Manipuhitions  with  Wimshurst,  89 
Manipulatory  details,  123 
Marking  terminals,  26,  124 
Matter,  radiant,  157 

Megilp  as  a  mountant,  113 
Mica  for  screens,  109 
Molecular  theory,  IGO 
Mountant,  gum-water  as  a,  113 

—  megilp  as  a,  113 

Nf.ckssary  apparatus,  22 
Negative  varnish.  151 
Kewtou  tub*.   '  ^- 
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OnJKCT  niid  screen,  ponitlon  of,  ISO 

0|>ii(|iii'  ftiid  triiii>*i>Jiroiit  hiM!li*s,  18 
UrtliD-c'liioiimtk;  plutt's  recoiuuK'inh-"!,  110 
Over-exiKJCun',  147 


P.vi.i^Dif.M  ill  Crookcs'  tube,  G4 

—  (K'cliiclfs  hyilroKon,  04 

ruptTS  Hint  tilius  for  direct   rmlio^^ruphv, 

155 
riiramn  l)ath,  35 

—  to  imrify,  52 

Tiirts  of  coil,  iKJsition  «>f,  51 

I'cuetrutive  power  incre»se<l  liy  self-imluc- 

tiiiu  coils,  I'A'J 
'IViU't rater'  tube,  130 
Perforation  of  tul)e,  60 
Pcrrin's  cxporitueiits,  158 
Pliotogruphy,  139 
Pictures,  Abiiey's  lieat,  2 

—  contact,  12 

—  direct  induction,  7,  8 
Plates  C'udett's  '  LiKlituiug,'  143 

—  choice  of  photographic,  142 

—  distance  between  tube  and,  144 

—  Edwards'  '  Cathodal,'  143 

—  Ilford,  143 

—  imi)erial  Hbntgen,  143 

—  ortho  chromatic  recommended.  119 

—  Sandell's,  143 

—  Thomas'  Al,  143 

—  Wimshurst,  77 
Platinum  anode,  64 
Porter's  experiments,  20 
Position  of  coil  parts,  51 

—  of  object  and  screen,  136 
Precautions  with  Tesla,  63 

—  when  using  dynamo,  127 
Preparation  of  barium-platino  cyanide,  104 

—  of  calcium  tungstate,  lu7 
Pressure,  images  produced  by,  10 

—  printing,  152 
Puluj  tubes,  71 


Radiant  matter,  157 

Radiographic    work,    calcium    tungstate 

best  for,  116 
Radiographs,  description  of,  169-J72 
Radiogniphy,  papers  and  films  for  direct, 

155 
Rays,  diflferences  in  X,  63 

—  varieties  of  X,  20 

Recipes  for  battery  solution,  56 
Red  hot  anode,  184 
Regvilator,  Wimsliurst,  81 
Results  with  cold  tube,  20 
Reverser  or  commutator,  49 
Rontgen  and  Lenard,  19 

—  tubes,  71 
Rufz  tubes,  71 

'  Running  up  '  of  tubes,  . . 


Saxdru.'h  pUiM,  1  »3 

Scv-         ••   ■       ■  ■       nl  for,  III 
-  .for,  llM 


MuoresiM-ni.  'J'S,  Vi'j 

—  frame  for,  114 

—  grainilarltv  cau«c»l  by,  lAl 

—  hood  for,  116,  136 

—  making,  1 12 

—  nii<-ii  f(ir.  loa 

—  jM)Hition  of  object  and,  130 
Screens  sliort^-n  exfiOHuren,  116 
Secondary,  winding,  31,  38 
Section  winder.  'A'.K  40 
Sections,  conne<:ting,  41 

Sections,  winding  Hccondary  in,  31,  38 

8ect»>rH  for  Wimnhurst,  H'J 

Seguy's  arrant'cincnt,  137 

Scguy  tubes,  71 

Selection  of  coil,  *'4 

Self-induction   coils   increase    jtenetrative 

IK)wer,  139 
Sheet  celluloid,  120,  130 
Shettle's  experiment,  9 
Shocks,  dangerous,  125 
Silver,  erythrosine,  118 

—  salts  (sensitive),  I 
Simple  \nnder,  33 

Sir  IJeorge  Stokes'  theory,  163 
Solution,  battery,  56 

—  fixing,  93 

—  toning,  153 
Stand  for  coil,  51 
Stands  for  tubes,  72 
Stand  for  Wimshurst,  75 
Star  disciiarge,  84 

Static  macliines,  advantage  of,  95 

superiority  over  coils.  99 

Stokes'  theory  (Sir  George),  163 
'  Sulking '  of  tubes,  133 


TEUMlNAT/i,  marking,  25,  124 
Tesla,  precautions  with,  62 

—  transformer,  61 
Tesla's  view,  160 

Testing  cells  for  voltage,  123 
Tests,  Wimshurst,  74 
Theoretical  considerations,  157 
Theory,  'ether,'  162 

—  molecular,  160 

—  Sir  George  Stokes',  163 

—  vibration  rate,  164 
Thomas'  Al  plates,  143 
Tonini^  solution,  153 
To  purify  paraffin,  62 
Transformer,  Tesla,  61 
Transparency  of  flesh, 19 
Transjiarent  and  opatjue  bodies,  18 
Trial  of  Wimshurst,  83 

Tubes,  addition  to,  133 

—  olaminium  in,  64 
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—  Uufz.  71 

—  'nuiiiiiik'  up'  of,  13:i 

—  Scffiiv,  71 

—  BtanciM  for,"  72 

—  •sulking'  of.  133 

—  testinp,  '.•7,  129 

—  uiii-polar,  tiG 

—  viicuuiu  of.  95 

—  with  bulb,  69 

—  Wood.  71 

Tylar'9  light-tight  bags,  89 


Unhkii  I'xpoHurr,  Ml 
Uniiilum  lluoriili'.  Iu8 
Um  of  aluQiiiiiiim,  64 

Va<  lA  mill  ligiit,  16 
Viuniuin  of  tulH'.  U5 
"Varlctl.       '  ^  -I 

Vibnit  ^.104 

Vlnlltk'  vtlinitidii  ruto,  166 
Vl«unl  i*x|H>rinH>iit<t,  ISS 
Voliiik'"',  iir<'  i1i'|i4>ii<Ih  on,  13 

—  tvHting  t'fllH  for,  128 
VultmoUT,  124 

WAMIIKItX.  83 

WliuHhurnt.  bnuw  work  for,  78 

—  coll«-*>r«r«,  HI,  H4 

—  con-'  71 

—  ciri-.  ;.)r,  83 

—  U'i ....^  .1,79 

—  •  nine  hi  no,  7.1 

—  niiinipnlutioiiH  with,  88 

—  piiitv)«.  77 

—  regulator,  81 

—  aoctorb  for,  H2 

—  stand  for,  76 

—  testH,  74 

—  trial  of,  83 
Winder,  a  simple,  33 

—  sootiun,  39.  40 

Win<ling  seconilnry  in  scctionR,  81,  38 

—  the  core,  29 

Wire  for  connections,  187 

X  RAYS  and  dermatitis,  98 

—  differences  in,  63 

—  rarieties  of,  20 
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